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ABSTRACT 

This report contains computer programs,  Instructions, and sample 

input-output data for antenna pattern synthesis as developed In the 

previous report "Computational Methods for Antenna Pattern Synthesis." 

The programs are valid  for point sources arbitrarily distributed In a 

plane,  and for pattern synthesis in this plane.     Included are programs 

for synthesis with  (1)  pattern magnitude and phase specified,   (2) pat- 

tern magnitude only specified,   (3)  these two cases with a constraint 

on the source norm,  and   (A)  the first two cases with a constraint on the 

source quality factor.     Also Included are programs to compute and plot 

the specified and  synthesized patterns. 
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I.     INTRODUCTION 

The programs used Co compute the examples of Scientific Report No.  2, 

entitled "Computational Methods for Antenna Pattern Synthesis," are described 

and listed In this report.    Each program Is accompanied by an explanation of 

the Input data,  a verbal flow chart,  and sample Input-output data.    Equations 

of the previous report  [1] will be denoted  (2-    ),  and equations of this re- 

port will be deioted by a single number. 

The programs are written to be valid for N point sources arbitrarily 

distributed in a plane,  and for pattern synthesis in this plane.    However, 

for the examples all synthesized patterns are radiated by  10 point sourres 

equally spaced on the half of an ellipse on one side of the minor axis.    The 

major axis of the ellipse is  twice as lonR as the minor axis.    The first and 

last point sources are at  the ends of the minor axis.    Pattern synthesis is 

accomplished by adjusting  the  complex amplitudes of  the  10 point  sources so 

that the pattern radiated bv these point sources is as close as possible to 

a specified pattern.    The amplitude of  the specified pattern  iiued   Is sketchc! 

below. 

Y 

field pattern Zl 
;c x 

it *• sources 

Figure 1.  10 point sources and specified pattern. 

[1] J. R. Mauti and R. F. Harrington, "Computational Methods for Pattern 
Synthesis," Scientific Report No. 2 on Contract F.19628-73-C-0047 
between Air Force Cambridge Research Laboratory and Syracuse University. 
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II.     PATTERN SYNTHESIS 

The program of this section computes the vector t of point source 

strengths given by (2-16).    This ? Is the result of pattern synthesis with 

phase specified.    The program prints the magnitudes and phases of the ele- 

ments of f.    The program also punches on cards the real and imaginary parts 

of the elements of r  for Input Into the program of section IX of this report. 

Punched card data Is read into the program according to 

READ(1.30)  N.M.NK.NG 

30        FORMAT(413) 

READ(1,33)(Mt(I), 1-1, NK) 

33   FORMAT(3E14.7) 

READ(1,10)(X(I), 1-1, N) 

10   FORMAT(10F8.4) 

READ (1,10) (Y (I), 1-1, N) 

READ(1,10)(PHI(I), I«l, M) 

TIO 35 JK-1, NK 

DO 36 JG-1, NG 

READ(1,10)(G(I), 1-1, M) 

36   CONTINUE 

35   CONTINUE 

The x and y coordinates of N point sources are read In as X and Y. The 

specified pittern g of (2-16) is read In as G at M angles PHI (denoted 

by ^ in Figire 1)  In degrees in the plane of the point sources. The 

index JK of DO loop 35 denotes the JK* propagation constant BK(JK). DO 

loop 36 makss it possible to deal successively with NG different speci- 

fied pattens at the same propagation constant BK(JK). 

Mlniitiim allocations are given by 

COMPLEX C(N*N) 

DTMENSTON LR(N) 

in  the subroutine  I.INEQ and by 



COMPLEX G(M), T(N*M), TC(N*M) 

TT(N*N), TG(N), F(N), TF(M) 

DIMENSION BK(NK), X(N), Y(N), PHI(M), 

TFM(M), FM(N), FP(N) 

In the main program. 

Nested DO loops 14 and 15 store the matrix element given by (2-18) 

in T((m-l)*N+n) and its complex conjugate in TC((m-l)*N+n).  Assuming 

that [W] is the identity matrix, nested DO loops 16 and 17 store the 

matrix [T*T] of (2-16) by columns in TT. The subroutine LINEQ inverts 

the »I bv N matrix stored in TT.  Nested DO loops 19 and 20 store (T*]g 

of (2-16) in TG.  DO loop 22 stores f of (2-16) in F and, assuming that 

[V] appearing in (2-9) is the Identity .natrix, ||f||? In FF.  Do loop 22 

discovers that the element of f largest in magnitude is stored in F(.I2). 

■> 

DO loop 24 stores the complex synthesized pattern [T]f of (2-17) 
II    ^119 

In TF and the magnitude of the synthesized pattern in TFM.  ||[T]f|r is 

accumulated in TFS, the pattern synthesis error ||[T]f - g |p in E, and 

HfTll2 in GG. Just after DO loop 24, 0 of (2-15) is stored in Q and E is 

normalized by dividing by GG.  Statement 59 punches F on cards for possible 

input into the program of section IX. DO loop 41 normalizes the 

element of f largest in magnitude to unity and then stores the magnitudes 

and phases in degrees of f in FM and FP respectively. 

The propagation constant BK of the input data is such that the point 

sources are spaced about a quarter of a wavelength apart on the ellipse. 

Actually, BK, X, and Y were calculated by a short auxiliary computer program 

not listed in this report.  In the sample input data the magnitude of the 

specified pattern G is given in Figure 1, G is real and G is evaluated 

at ((> - 5°, 15°, 25°,... 355° in the plane of the ellipse.  The numbers 

printed out under the headings FM and FP in the sample output were used to 

construct the first two columns of Table 1 of Report No. 2. 



LISTING   l)(-   MAIThWN   SVN1M(-S1S   PROGRAM 

II 
II   t^Xt-C   WATHV 
//r;f).FTo2f-noi nn 
//Gd.SYSIN   1)1)   * 

{onSA.Fh.nS.l^U'MAIIT?..»»^ ,REr,!nN = ?OOK 

SYSOinsHtnCMsJRECHMsF.RLKSIZEsPO» 

*jnH MAUT/.TIMFsl.PAnFSs^O 
SHHRDDTINf-   LIMFCMLLtr. ) 
CflMMLtrX   r,( lOOj.STDR.STdtSTfS 
DIMENSION  I.R(bO) 
DO   20   I=1,LL 
Lk(n = i 

20 CDNTINUt 
Ml=0 
DO   18   M=1,LL 
K = M 
nn 2 I=M,LL 
K1=M1+I 
K2=M1+K 
IF(ABS(«EAL(r.(Kl))»+ARS(AlMAr,(r(Kl)))-ARS(REAL(C<K2)))-ARS(AIMAr,(r, 

1(K2) )))   2,2,6 
H K=I 
c. CONTINUI- 

LSsLRlM) 
LH(M)=LR(K) 
LK(K)=LS 
K2=M1+K 
Sr()R=l./C(K2) 
J1=0 
DO   7   J = l ,LL 
K1=J1+K 
K2 = ,)l+M 
STn=C(Kl) 
C(Kl)=r,(K2) 
C(K2:=STü*STnK 
J1=J1+LL 

7 CONTINUE 
K1=M1+M 
C(K1 '=ST()R 
DO   11    I=1,LL 
IF(I-M)   12,11,12 

12 K1=M1+I 
ST=CiKl ) 
C(K11-0. 
J1=0 
Oil   If   J = 1,LL 
KI=J:+I 
K2=J1+M 
CIKl   =r.(Kl)-C(K2)*ST 
J1=J1+LL 

10 CflNT- NUF 
11 CIINTIMUE 

M1=M   +LI. 
1« CONTINUE 

J1=0 
no   9   ,1=1 ,LL 
IHJ--LR(J))   H,8»H 

1A LK.^l R(.l) 
J2=(I.R.)-1 IHI. 

21 nn   i:i  I = I,I.L 

10 



13 

30 

32 

3 3 

3^» 

10 

13 

37 

11 

IS 
14 

K?=J2+1 
Kl=Jl+l 
S«C(K?I 
C(K2)=C(K1) 
C(K1)BS 

CONTINUE 
LR(J)=LR(LHJ) 
LR(LRJ)=LH.) 
IF(J-LR(J))    lA.H.lA 
J1>=J1+LL 
CONTINUE 
RHTUHN 
FNO 
COMPLEX  U»Ul.CONJGf6(36)»T(360)fTC(360>fTT(lOO>»TG( lO.FdOl 
CDMPLbX   TF(3<i) 
DIMENSION BK(10)fX( 10),Y(101,PHI(3A)fTFM(36).FM(10),FP(10I 
U"(0.»lt) 
Pl=3.1^1^43 
C=PI/1H0. 
READ(l«30l N.M.NK.NC 
FORMAT(413) 
W«ITEI3,3?) N.M.NK.NR 
FORMAT(<0  N  M NK NG'/lXtAlS) 
RtAÜ(l,33l(BKII),I=1,NKI 
FnRMAT(5E14.7) 
WRITEI3,34)(BK( I ).I=1 tNK) 
FflRMÄT( •0BK,/(lXi5E14.T| ) 
READd.lO) (X(I ),I=1,N) 
FORMATdOEH.'») 
WRITt(3,13)(X( I I.Ul.N) 
FORMAT!'OX'/(1X,10F8.4)I 
READIl.lO)(YlI 1,1=1,N) 
WRITE(3,37)(Y(I ),I=1,N) 
FORMAT!'0Y'/(1X,10FH.4)) 
REALMl,10((PHI(I ),I = 1,M) 
WRITE(3,11)(PHI(I),1=1,Ml 
FORMAT!'OPHI •/(1X,10F8 .4 ) I 
?M = M 
00  3S  JK«UNK 
BH=RK(JK) 
J1=0 
00   14   Ksl.M 
S1=PHI(K)WC 
rs=cii<;(si) 
SN=SINtSl ) 
DO   lh   1=1,N 
J1=J1+1 
S1=BH*(X(I )«CS + Y{I )*SN) 
T(J1)=C0S1S1)-HI*SIN(Sl) 
TCIJl l=r.ONJG(T(Jl ) ) 
CONTINUE 
CONTINUE 
.11=0 
00   16   ,1=1,N 
DO   17   1=1 ,N 
J2 = J 
J3=I 
J1=J!+1 
TTIJl1=0. 
OU   1H   K=1,M 

11 



17 
1<S 

12 

20 
14 

23 

22 

7b 

24 

2f> 

2 7 

3fl 

TT(Jl)»TT«JU*TC(J3)*TIJ2» 
J3SJ3+N 
J2=J2+N 
CHNTINUe 
CONTINIIt 
CONTINlie 
CALL   LINEtMN.TT) 
DO   3ft   J6»ltNG 
fFADIl tlOMGII ).I=1,M) 
WKlTK3,l?)(r,(I ),I = 1,M» 
fORMATCOO'/JlXtlOfB.^)) 
f'D    14   J=1,N 
.I2 = J 
"Glj)=n. 
Df)   20   KM ,M 
"T,(J) = Tf;(JI+TC(.l?)»fi(K» 
.I2 = J2 + N 
(ONTINUI- 
CflNTlNUt 
l:F=0. 
52 = 0. 

Of)   22   J=1.N 
-(J)=0. 
J1=J 
30  23   1=1|N 
;( J) = F(,)I + TT(J1 )*TG(I ) 
J1=J1+N 
;nNTiNue 
S1»F(J»#C0Njr»(F{J) I 
-F=FH+5l 
mSl.LT.S?)   r,l)   Til   ?2 
S2=S1 
J2 = J 
:nNTiNiiE 
J1=0 
TFS=n. 
h=0. 
r,G=o. 
DD  2^   K = l ,M 
TMK)=0. 
OP   2b   1=1 .N 
J1=J1+1 
TF(K )=TF1K)+T(.I1 )«F( 1 ) 
CnNTINUF 
Sl=TF(K)*CUNll(;(TF(K) ) 
TFM(K) = S(JRT(S1 ) 
TFS=TFS+S1 
l)l=TF(KI-r,(K) 
E = F + Ul*r.lJNjG(lll ) 
r,r,=r,r,+G(K)*coNjMG(K)) 
CONTINDF 
0=ZM*FF/TFS 
F=E/GG 
WRITfc(3,?ft)   GG,FF,F,0 
FORMAT ( >06G«< .FIA^,'   FF = '.F14.7,' 
WRITE(3,?7)(FlI),I=1,N) 
FnRMAT('0F'/(lX,5F14.7)) 
WRITt(?,3HI(F(I).I=l,N) 
F0RMAT(S£14.7) 
111 = 1./F(J?) 

E^.Fl^.?,«   0=" ,E14.7) 

12 



41 

43 

2« 

36 
35 

DO 41 .) = 1 , N 
F(J)*l)l*HJ) 
FMU)=CABS(MJ)) 
S1=RFAL(F(J)) 
S2«A1HA0(F(J)) 
FM1J)=ATAN?(S?.S1) 
FP(J)=FP(tll/r. 
CONTINUE 
WRITE(3,4?l(FM(JI,J=l,N) 
F(3RMAT( 'OFMVIIX.IOF/.S)) 
WKITF(3,43)(F(MvJ),J=l.N) 
FORMAT!'0FM'/(1X,10F7.1)) 
WRITe(3,2«)(TF(I ),I = 1,M) 
FORMAT! 'OTF'/nx,10Ffl.4) I 
WRITE(3,?«»)(TFM( I ),I = 1.M( 
FORMAT! 'OTFM'/dX.lOFfl^) ) 
CONTINUE 
CONTINUE 
STOP 
END 

I0ATA 
10 3/.  1  1 
0.2<*0R«fl2E + 00 
0.0000  5.360fl 10.Ci048 15.5027 IS. 

-10.0000 -9.6320 -8.4706 -6.2H94 -2. 
5.0000 15.0000 25.0000 35.0000 45. 

105.0000115.0000125.0000135.0000145. 
205.0000215.0000225.0000235.0000245. 
305.0000315.0000325.0000335.0000345. 

5.01<)1 
1.220R 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

SSTOP 
/* 
// 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

3.8637 
1.1034 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

2. 
1. 
0. 
0. 
0. 
0. 
n. 

2648 
555«> 
0000 
00001 
00002 
00003 
3662 
0353 
0000 
0000 
0000 
0000 
0000 

19.2648 
2.5559 

55.0000 
55.0000 
55.0000 
55.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

15.5027 10. 
6.2894  8. 

65.0000 75. 
165.0000175. 
265.0000275. 

6048 5 
4706 9 
0000 85 
0000185 
000028 5 

.3608 0.0000 

.6320 10.0000 

.0000 95,0000 

.0000195.0000 

.0000295.0000 

1.7434 
1.0038 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

0000 
0000 
0000 
0000 
0000 
0000 
0000 

.4142 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

PRINTfrO OUTPUT 

N  M NK m 
10 36  !  1 

0.2908H82F+00 

0.0000  5.360« 10.6048 15.5027 19.2648 19.2648 15.5027 10.6048  5.3608  0.0000 

Y 
-10.0000   -9.6320   -8.4706   -h.?H94   -2.5559      2.5559      6.2894      8.4706      9.6320   10.0000 

PHI 
5.0000 15.0000 25.0000 35.0000 45.0000 55.0000 65.0000 75.0000 85.0000 95.0000 

105.0000115.0000125.0000135.0000145.0000155.000016 5.0000175.000018 5.0000195.0000 
205.0000215.0000225.0000235.0000245.0000255.0000265.0000275.0000285.0000295.0000 
305.0000 315.0000325.00003 35.000034 5.0000355.0000 

13 



s.om 
1.22 OH 
o.ooon 
0.0000 
o.oooo 
0.0000 
0.0000 
o.ooon 

0.0000 
o.ooon 
n.nooo 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 

I.10^4 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

l.o-i'n 
0.0000 
0.0000 
n.oooo 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1.743^ 
l.OO^H 
0.0000 
0.0000 
0.0000 
o.oono 
0.0000 

o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0,0000 
0.0000 

1.414? 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 

o.ooon 
n.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
n.nooo 

GG« o.'^b^o^+o;' FF» n.m^?iF+n? E« o.^i2i504F+oo Q- o.i25<?270E+o? 

-Ü.b421?09t   00  0 .b?24HV0l:-01   0.11H7H10F 01   0.59h9R31F   00-0. I'.ft70<tflt:   01 
-0.944H900t   00   Q ,bc>'>?tt$?t   00   0.14^?5A4F 01-0. 3^^^ 17riF   00-0.7C)'jMHlF   00 
-n.9229ft00fc-0?   0.10^^890F   01-0.304419«;? 00-n.«30(t.«94F   00   0,H«3731RF-01 
0.1247218F   01-0.73H102OF   00-0.8')394?9F 00   n.S?31P3hF   nO   0.?33364ht-01 

FM 
■ • 0.312 0.762      L.000      0.903      0.50?     O.hOb     0.507     0.717     0.647     0.300 

FP 
-38.3     173.9 0.0   -147.4       3?.ft   -122.3        37.1   -\?h,f> 16.4      149.8 

TF 
2.566') 0.1147 
0.479H 0.5563 
0.3586 -0.2250 

-0.2018 -0.4032 
-0.2452 -0.3117 
n.24ln -0.?63l 

-0.5147 -0.1244 
1.3298 0.0654 

FM 
2.5691 3.1553 
0.4233 0.533? 
0.3966 0.5677 
0.5295 0.6931 

3.1540   -0.0913     2.7786 -0.4051      1.7283 
0.649H      0.5719      0.6821 0.1756      0.4518 
0.2700   -0.4598   -0.0353 -0.573?   -O.?900 

-0.0808   -0.4H98   -0.0044 -0.4700   -0.0049 
-0.2631   -0.5031   -0.1208 -0.6144     0.0478 
0.2951   -0.0465     0.1469 0.1761   -0.1679 

-0.6892  -0.0737  -0.88?7 -0.029M   -0.7285 

-0.4121 
-0.1075 

0.7716 
0.3169 

-0.4708   -0.3163 
-0.3379   -0.1089 
-0.5477 
0.1827 

-0.0679 

0.1494 
-0.4018 
0.0563 

2.8080 1.7767 0.773? 
0.5743 0.5530 0.48?H 
0.626? 0.5498 0.4339 
0.883? 0.7317 0.079? 

0.7346 0.8656 
0.4509 0.4964 
0.3568 0.2987 
1 .3314 

0.7044 0.4644 
0.4700 0.3380 
0.2294     0.2481 

0.0494 
-0.1359 
-0.3647 
-0.2402 
-0.4074 
-o.oo9n 
-0.0556 

n.3449 
n.2637 
0.4019 

14 



III. mONITUDB PATTERN SYNTHESIS 

The progrAffl of this Ractloil Implements Che field magnltuda pattern 

Bynthesls described In section IV of Report No. ?. 

Punched card data Is read In according Co 

KKAD(1,30) N,M>NK,NG,N9 

30    FOKMAT(5IJ) 

RKAD(1133)(BK(I). 1-1. NK) 

33   FORMAT(5E14.7) 

READ(1,10)(X(I), 1-1, N) 

10   FORMAT (101 8.'.) 

READ(1,10)(Y(I), 1-1, N) 

READ(1,10)(PHI(I), 1-1, M) 

DO 35 ,IK=1 , NK 

DO 36 JO-1, NG 

RKAD(1,1.0)(G{I). 1-1, M) 

36   CONTINUE 

35   CONTINUE 

The x and y coordinates of N point sourcps are read In as X and Y. The 

starting value of h e  in (7-21 i Is read In as G -it M angles PHI In degrees 
m 

lu the plane of the point sources. The magnitude of G(m) Is the magnitude 
Jß 

of the specified pattern at the m  angle.  The angular portion e   of G(m) 

gives the starting value for ß .  The Index JK of DO loop 35 denotes the .IK 
m 

propagation constant BK(JK)  DO loop 36 makes It possible to deal successively 

with NG different specified patterns at the samp propagation constant RK(.IK). 

Step 2 of the Iteration procedure described In section IV, Report No. 2, Is 

repeatedly executed until the pattern synthesis error E of (2-19) ceases to 

decrease, hut not more than a maximum of N9 times. 

Minimum allocations are given by 

COMPLEX C(N*N) 

DIMENSION I,R(N) 

15 



In the oubroutlne LINEQ and bv 

COMPLEX C(M),   l,(N*M),  TC(N*M),  TT(N*N), 

P(N),  TF(M) 

DIMENSION BKCNK),  X(N),  Y(N),   I'HKM),  TFM(M), 

11(M),  K(N9+l), Q(N9+1), FF(N9+1). 

FM(N),   Fr(N) 

In tlie naln program. 

Ntsted HO loops 14 and IS store the matrix element siven by (.."-18) 

In T((m-l)*N+n) and Its complex conlnRnüe in rc(m-l)*!i+n). As.sumine that 

[W] Is i he Identity matrix, nested HO loops 16 and 17 store the matrix 

[T*T] ul (2-lfi) by columns In TT.  The subroutine MNEQ Inverts the N by N 

matrix iitored In TT.  DO loop 19 stores lf*T] f* of (2-16) by columns in TC. 

DO loop 40 stores h of (2-19) In H and accumulates !|h|P in CG. Steps 

1, 2, and 3 of the Iteration procedure described in section IV, Report No. 2, 

are executed for the .19  time inside DO loop 41.  DO loop 42 stores t of 

(2-lb) n F and accumulates ||i ' In FF(J2). no loop 51 stores [T]"f of (2-19) 

In TF,  [Tjfl in TFM, !|lT]f|i'' In TFS, and the pattern synthesis error e of 

(2-19) n SI, I)i> loop SI also changes the phase of G to that of [T]f . Since 
jsm 

1 

(J    apptura only  in e       ,   the iteration procedure described  in section IV, 

Keport   IIOi   2,can be carried  out without  calculating ß    explicitly.    Just  after 

DO  Loop  SI, o ol   (2-15)   is stored  in ()(J2)  and the relative pattern synthesis 

error -•  — in E(.ILM.     Execution  remains   In DO loop 41  only as long as the 
li||J 

relative error cuiulnucH  to decrease. 

■'atement  SM punrhen F on cards tor possible  input  into the program of 

Kectlon IX. DO  loop SS (inds thai  r(.l2)  is  largest in magnitude. 

DO loop 56 normalizes  the element  ai   F  largest   in magnitude to unity and  then 

stores    he magnitudes  and  phases  In degrees of  F   in  FM and FP respectively. 

The magnitude  ol   the lust element of  f  is 0.235  in the sample output  of 

the magnitude pattern synthesis program as opposed  to 0.234 in the table of 

section   IV,  Report No.   2.    This  slight  difference   Is due  to the  fact that  the 

data fo ■ the  table of  section  IV,  Report  No,   2,  was  computed with FORTG instead 

of UATF V.    The synthesized patterns were also slli'htly different.  For  instain'c, 

the ala'<enth element  of   TKM was  0.0811   with FORK! as  opposed  to 0,0816 With WATFIV. 
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USlIMf,  OH   MAGNITUDE   HA1TFKN   SVNTHfiStS   PRIICRAM 

// (0034tFfit?OStltAI,'MAIlT7.J(1F' .REO ?nN = ?OOK 
//   FXFC   WATFIV 
//G().FTn2FOOl   DD   SYSOIIT =H ,r)r,H=( HFr.FM = F , HLKSI 7F = RO ) 
//CO.SVSIN   DD   • 
JJOH MADTZ .IIMF = 1 .fAr,ES = 40 

SUBROUIINt   LINFO(IL.C) 
CUMPLFX   C(lOO)tSTORfSTO.ST»S 
OIMeiMSIHN  LR (bO) 
0(1  20   I^l.LL 
LH(I ) = I 

20 COMTINllfc 
M1=0 
nn iH M=I,LL 
K=M 
00   2   I=M,U 

K2=M1+K 
IFIAKSIRFALIf, (Kl) ) ) + ARS( AlMAG(r(Kl ) ) )-ÄBS(HFAL(C(K?) n-ARS( AIMAGK. 

1(K2) I ) )    ?.?,C- 
6 K = l 
2  CONTINUE 

LS=LR(M) 
LHtM)=LR(K ) 
LH(K)=LS 
K2=M1+K 
S rOR = l ./C(K2 ) 
,11=0 
Of)   7   J = 1,U. 
K1=J1+K 
KP^Il + M 
ST0»C(K1) 
C(K1 )=r,(K2) 
C(K2I=SI(I*ST(IR 
.I1 = J1+U 

7 CONTINUE 
K1=M1+M 
CIKl)=STOR 
nn ii  I=I.LL 
IF(I-M)    1?,I1.1? 

12   K1=M1+I 
ST=C(K1 I 
C(K1)=0. 
.11=0 
DO   10   .1 = 1.LL 
Kl=.ll + I 
K2=J1+M 
C(K1)=C(K1)-C(K2l*ST 
Jl=Jl+LL 

10 CIINTINDF 
11 CONTINUt 

M1=M1+Ll 
l« CONTINDF 

J1=0 
DO «J .l = l,LL 
IF(J-LH(Jlt K.H.IA 

14 LRJ = LR (.1) 
J2 = (LR,I-1)*LL 

21 00 13 1 = 1,LL 
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11 

30 

32 

33 

3^ 

10 

13 

37 

11 

IS 
1A 

K2»%l? + I 
Kl=.)l + I 
S=C(K?) 
C(K2)=r,(Kl ) 
C(K1 )=S 
CONTINUE 

LHaRJ)=LH.I 
tKJ-LR(J))    lA.H.lA 
.il=Jl+LL 
CONTINUE 
RETURN 
tNIJ 
(.OMPLFX   U«U1«C0NJG«G(3AI .T(3hO) ,Tr (3(SO) »TT (100» .FdO» «TF» 36 I 
niMENSION   RK( 10).X( in),Y( lOI.PHl (3hl ,TFM(^(S) ,H(3ft),F(ftl),0(An 
DIMENSION   FF(6UtFM(10)»FP(10» 
0=10..1.> 
I>I»3,H15«»3 
(,«PI/lflO. 
ltEAD(l«30l   N,M,NK,NG,N«* 
|;ORMAT(5I3) 
WHITE(3.3?)   N,M,NK .NTMN*» 

IfiHMiTi'O     N     M  NK   NG N9i/l)(«SI3) 
liFADI 1 t33HBK(n «1*1 .NK) 
niRMAI(btlA.7I 
VHITe(3.34) (HK( I) . ! = 1.NK) 
FORMAT! 'ORKVdX.SEH.TI ) 
<t-A0(l,10) (Xd ) , 1=1,N) 
:(1RMATI 10FH,4) 
VHITh(3,n) (X( I ) , I =1 .N) 
-IIMMATI «OX'/I IX.IOFH.A) ) 
•<FAD( 1 ,10) (Y( I ) , I =1,N) 
VHITE(3,37) (Yd), 1 = 1,N) 
-(IKMATI »OY'/dX, 10F8.4) ) 
«FADd.10)(PHI (I ),1=1,M) 
»<RITE(3.1U«PH1 ( I ) ,I=1,M) 
-ORMAK'OPHI•/(lXt10FR.4)) 
7M = M 
1(1   ib   JK = 1.NK 
BH = RK(.IK) 
,)1=0 
0(1    1A   K = l .M 
S1=PHI(K)»C 
CS=COS(Sl) 
SN = SIN(M ) 
no is i = i.N 
■II=.I1 + 1 
S1=RH*(X( I )*r.S + Y( I )*<;N) 
T( ji )=r.(is(si )+II*SIN(SI ) 
TCU1 K0NJ6(T(J1 ) ) 
CONTINUE 
CONTINUE 
.11=0 
0(1 ]h   ,1 = 1 .N 
110 17 l = l.N 
J? = J 
,13=1 
.ll=.ll + l 
rr (,ii ) = o. 
on 1H K=l,M 
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TMJl »-TT(Jl)*TC(J3)»T(J?) 
J3«J3*N 

I« cnNTiNiie 
1 7  CONTINIIf 
1ft  CONIINll^ 

CALL   LINEOtN.TTI 
J1«0 
.11 = 0 
nn i<» .1 = 1 .M 

no w I=I,N 
.I3 = J^«-1 
F< I l"TC(J3» 

W   CONTINDF 
nn 2n I=I,N 

Jl»JUl 
TCIJ1)=n. 
,i?=I 
on   3H   K=1,N 
TCUl ) = Tr,(.ll )+TT l.l?)*F(K) 
.l? = ,l^ + N 

3fi   CON!INUF 
20 CONTINIIH 
IV  CDNTINUE 

01)   ih   .)(. = ! »Nf. 
HFftlX 1 ,10) (01 I ).1 = 1.M) 
WRITE(3.l?H6(I ).I = 1.M) 

12   FOHMATl»OG1/(IX,10FB.«)I 
r.r.=o. 
no 40 ,) = i ,M 

S 1 =r, (.I) »CON.IG ((;(,)» I 
HUJsSORT (SI ) 
r,f;=G(;+«;i 

40  CONI IMJfc 
WRITE«3,47 I   GG 

47   FORMAT(«ONORM   SOnAHFO   OF   SPFCIFIFI)   P»TTERN=',F14.7 ) 
FF(11=0. 
F(l ) = 1. 
0(1 1=0. 
DO  41   ,19 = 1 ,N«i 
.I2 = J«J+1 
FF(J2)=0. 
DO   42   J=1,N 
.11 =J 
F(J)=0. 
00  43   1=1,M 
F(.I)=F(,))+TC(J1 )*G( I ) 
J1=J1+N 

43   CIINTINIIF 
FF ( J2 ) =FF (.12 ) +F ( .1) «CON JG (F ( J ) ) 

42   CONTINDF 
.11=0 
TFS=0. 
S1=0. 
00   51   .1 = 1, M 
TF(J)=0. 
DO   45   I=1,N 
.)1=J1 + 1 
TF(.l) = TF(.|)*T(.)n«F(I ) 

45  CONTINDF 
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^ 

5) 

■'.1 

5 ä 

S2»TF(J l*CüNjr.( 1H,11) 
TPMIJ)»S0R1 (S?I 
IF(TFMIJI.EO.O.I   Ml   TO   S? 
rFS"TFS+S2 

G< J)»IH( J)/TFM(.I) )»TK.I) 
S? = T(-M(J)-H( .1 ) 
Sl«Sl+S2*S2 
CflNT INDE 
0( J2I«ZM*FFI 
E (,)? I»SI/GG 
IF (E( I?) .GE 
CONTINUE 
WRITE(3,54) 
FORMA! ( 'ONI) 

FORMAl('DHh 
WH ITl- (^,^3) 

ss 

HS 

57 

S(l 
36 
35 

J?l/lt-S 

(- (,m))  r.n TU AA 

FF(1 l,I=l.J2) 
i(M   SOIIAHFII   flF   F ' /< 

EM ».I»l.J2l 
AIIVF   FRROR'/lIX, 
Q( I ). I = l,.l?) 

FORMAT! '00' ' (1X,5FH.7I) 
WRITE(3,4flt IFU M»l,NI 
FORMATI 'Of-'/ ( IX.bFH.V) ) 
WRITe(2,33)»F(I»,I»1,N» 
s? = o. 
no   55   J»l,N 
51=F (.1 l*Ct)NJfi(FI,iy ) 
IF(S1.LT.S?I   OU   TO  S5 

.)^ = J 
CONT 1NIJE 
Ul«1,/F(J?) 
OM   hh   ,1 = 1 ,N 
M J)«Ul*F(J) 
FMI J )=r.AH<;(F (.11) 
Sl»REAUF(J) ) 
S2aAIMA6(F(J)) 
FP(J)»(ATAN2(S2»S1))/C 
CONTINUE 
WRITE(3,5V)(FMIJ),J«1,N) 
FflXMATI 'OFK«/(1X,IOF7.3| ) 
WRITF(3,5R)(FP(J),J=1,N) 
FOKMA1 ( 'O' H'/( 1X,10F7.1) ) 
m I Th( 1,W) (TF(J),J»1,M) 
FflWMAI ( 'OU • /( lX.10FH,<t) ) 
WRITE(3,50) (TFM(,J),>I=1,M) 
FORMATI"OTFM1/(IX,10F«.*)) 
CONTINUE 

lXf5F14.7)) 

5F1'..7) ) 

CUNTINUE 
S KIP 
END 

IDATA 
10   3*       1       1   40 
0.2HnaHB2l-+00 
0.0000     b.360R   10.6048   15.50?7    l«).?^^«   19.?f)4H   15. 

-lü.Onnn   -4.h3?n   -«.4706   -ft^S^A   -?.555<»     ?.5559     6. 
^.ooon ib.oooo pb.onoo 35.nooo 45.0000 55.0000 ^5. 

104.0000 1 IS, 00001 Pb. 00001 35.000014 5. 0000155.0000 liS5. 
ZOS.OOnn^ls.nnoO; ?5.0000?3S.OOOO?4 5.0000?55.0000?h5. 
^OS.00003 lb. 0000-?5.0000335.0000345.0000355.0000 

b.Ol^l      0.0000     3.863/     0.0000      ?.3iSh?     0.0000     1. 
1.2?0H      0.0000      1.1034     0.0000      1.0353     0.0000      1, 
o.oono M.oooo o.oooo 0.0000 0.0000 0.0000 o. 

50??   10.604«      5.360«      0.0000 
?flQ4      «.4706     Q.biPa   10.0000 
0000 75.0000   «5.0000   ^.OOOO 
00001 75. 00001R5. 00001'?5.0000 
0000?75.00002«5.0000?Q5.0000 

74^4 0.0000 
003« 0.0000 
0000  0.0000 

1.414? 0.0000 
0.0000 0.0000 
0.0000  0.0000 
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o.oooo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.000(1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 o.nooo 

»STOP 
/• 
II 

HHIN1FD UUTPIIT 
N  H NK NC. W 

10 36  1 \   40 

BK 
0.290fl«R2E+00 

0.0000      ^.360«   lO.hO'.H   IS.SO?/    19.?^R   IP.Ph'.R    15.SO??    lO.iSO^fl      b.3ftOR      0.0000 

-10.0000   -'».iS3?0   -fl.4706   -6.?H»*4   -^.SSS'i      ^.SSS«?      6.?R04      R,A70h      q.MPO   10.0000 

PHI 
S.OOOO   15.0000  ?5.0000   3S.0000   45.0000   55.0000   ^5.0000   75.0000   R5.0000  <?5.0000 

1 05. 0000115.0000125. 00001 35. 0000145.0000155.00001 (S5.00001 75.00001R5.0000195.0000 
2 05.00002 15.0000225.0000235.0000245.0000255.000O?iS';.0000275.00002R5.0000295.0000 
305.0000315.0000325.00003 35.0000345.0000355.0000 

G 
5.019] 
1.2208 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

3.8637 
1.1034 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 

2.3667 
1.0353 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1.7434 
I.0038 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0,0000 
0.0000 
0.0000 

1.4142 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

NORM   SQUARED   OF   SPECIFIFI)   PATTERN=   0.5554509F+02 

NflRM   SOIIAREI)   OF   F 
0.0000000e + 00   0.13366?3F + 0? 0. 1 8 19649F-t-02   0. 2036316F+02   0. 7223O22E+02 
0.265R525E+02   0.3068034F+02 0.3176707E+02   0.311555HF+02   0.2976671E+02 
0.2R60146E+02   0.27951H4F+02 0.2765752E+02   0.27542flRE+02   0.275076flE+02 
0.275043BE + 02   0.2751225F+02 0.2752257F + 02   0.2753236E+02   0. 2754047E + 02 

RFLATIVF   ERROR 
O.lOOOOOOE + Ol   0.2B4R1R9F + 00 0.2568424F + 00  0.244711 OF+00   0.2361352F+00 
0.223R368E+00   0.2103522F+00 0.l9537fl2E+00   0.1R17446F+00   0.174R15RF+00 
0.1727168E+00   0.1722322F+00 0.17212R7E+00   0.1721053E+00   0.1720990F+00 
0.1720966E + 00   0.1720955F+00 0. 172094RF + 00  0.1770945F + 00   0. 17209A6F+00 

0 
O.OOOOOOOE+OO   0.1259257F+O2 0.1609n77F+02   0.175R795F+02   0.1R96R51E+02 
0.2237906F+02   0.253R416E+02 0. 2582610E + 02   0.24R5503E + 02   0. 2344670F+02 
0.2242101E+02   0.21RR480F+02 0.2164R62F+02   0.2155760F+02   0,2152974E+02 
0.2152/13E+02   0.2153319E+02 0.2154135F + 02   0.2154RR3F + n2   0. 2155528F + 02 

-0.6131346t+00-0.2752376F+00   0.1244744F+01   0.9962R00F+00-0.1532R91E+01 
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-().l»)HtK70h+01   0.<t7H7llHe+00   0. 2602^43f; + 01   0. ?R 11 ?50e- + 00-0, 1 5<J51 P4E+01 
-0.33732^*E+00   0.n6<»034F + 01   0.2?3(S3fllF'fOO-0.14355fl?fi+01 0. lf>072c)7F-0l 
0.1 6^1 Hnh + Ol-O.^nt/HOf-+00-0. l27«J405F + ni   0.^«12400P+00 0.35<»ft 11 <»F+00 

EM 
0.264      0.62^     0.i*H5      1.000     0.636      O.S53     0.670     0.664 0.b2fl      0.235 

f-P 
125.0      -40.T      153.2          0.0   -159.2        24.7   -160.3        10.3 172.9     -42.B 

TH 
3.0116   -O.OJO1)     3.444H   -0.6797      2.5152   -1.4fl27     0.5756 -1.6077   -1.1052   -O.WM 

-1.3524      O.^^O   -0.3466      1.5845      0.5760      1.0169     0.6059 0.1924      0.2263   -0.0625 
0.077H      0.0-'47     0.0547   -0.0063   -0.1166   -0.090R   -0.29S0 -0.0544   -0.2767   -0.02?r 

-0.1164   -0.1'73     0.0100   -0.2474      0.0312   -0.19fl6   -0.0444 -0.0116   -0.1644     0.096'; 
-0.20H2   -0.0135   -0.0926   -0.16fl7      0.0510  -0.17H2     0.01R1 -0.0R95   -0.095«   -0.137? 
-0.0114   -0.2522     0.1«20   -0.1469      0.1350     0.0756   -0.0fl59 0.0453   -0.1245   -0.1601 
-0.050H   -0.r-t02   -0.22H6      0.1054   -0.57«7     0.2217   -0.5413 0.1203      0.276?     0.050'- 

L.6H39      0.0)64 

TFM 
3.0120      3.5161     2.9197      1.7076      1.2420     1.6453      1.6220 1.1687      0.6357     0,234'i 
0.0816      0.0551     0.1478      0.3029      0.2775     0.1725     0.2476 0.2011      0.0459     O.lPOf 
0.2082      0.1)25     0.1854      0.0913      0.1674     0.2525     0.2339 0.1547      0.0971     0.202»- 
0.1491      0.2>17     0.6147     0.5545      0.2808      1.6867 
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IV.  EIGENVALUKS AND KTCFNVRCTOKS OF [T*T] 

The program of thin aection  punches on cards the eigenvalues >  and 

the eigenvectors $    of (2-35) when W and V are identity matrices. 

Punched card data is read In according to 

READ(1,30) N.M.BK 

30   FORMAT(213, E14.7) 

READ(1,10)(X(I), 1-1, N) 

10   FORMAT(10F8.4) 

READ(1,10) (Y (I), I-1,N) 

READ(1,10)(PHI(I), 1-1, M) 

The x and y coordinates of N point sources are read in as X and Y,  The M 

angles ♦ of (2-18) are read In as PHI. The propagation constant is RK. 
n 

Minimum allocations are given by 

COMPLEX A(N*(N+l)/2), R(N*N) 

In the subroutine CRIG and by 

COMPLEX T(N*M), TC(N*M), A(N*(N+l)/2), 

TT(N*N), P(N*N) 

DIMENSION X(N), Y(N), PHI (M) , AM(N) 

In the main program. 

Nested DO loops 1A and 15 store the matrix element given by (2-18) 

In T((m-l)*N+n) and its complex conjugate in TC((m-l)*N+n). Assuming that 

[W] Is the Identity matrix, nested DO loops 16 and 17 store the upper tri- 

angular portion of [T*T] of (2-35) iis A and the whole matrix [T*T] by 

columns in TT. 

The subroutine CEIG called by statement 40 puts the eigenvalues of 

[T*T] in decreasing order in the diagonal positions of A and stores the 

l' component of the j1 eigenvector of [T*T] in P((j-l)*N+i).  The eigen- 

vectors calculated by CEIG satisfy the orthogonality relationships (2-36) 

and (2-37).  If the fourth argument MV of CEIG is not 1, the eigenvectors 
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are stored  In the second argument K.     If MV'l,  no eigenvectors are stored. 

CEIG Is an extension to Hermit Ian matrices of the subroutine F.1GKN In the 

IBM Scientific Subroutine Package,   [2],   [3].    A detailed description of 

CEIG Is not  included In this report. 

Du    oop  38 stores the eigenvalues In AM.    Statements 41 and 42 

punch the eigenvalues and eigenvectors on cards.    To check the eigenvalues, 

DO loop 2ii stores in AM(J)  the quadratic form ♦j[T*T]|   which would be the 

Raylelgh quotient for X    1£ |    |    •  1. 

According to the discussion in section VII, Report No.  2,  the eigen- 

vectors in the sample printed output are supposed to be purely real.    How- 

ever,  bee luse of round off error,   the computed elements of  [T*T]  and thus 

the eigenvectors have small Imaginary parts. 

[2]     IBM  5ystem/360 Scientific  Subroutine Package  (360A-CM-03X) Version III, 
Programmer's manual. 

[3]    C.  Froberg, "Introduction to Numerical Analysis, Addlson-Wesley,  1965, 
pp.   109-112. 
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LISTING  OF   PROGRAM   TÜ   MUNCH   FIGENVALUFS   AND   EIGENVECTORS 

// (OtW.FF • 15S. It42 ) »'MAOT? , JOE ' tRFOION-ZOOK 
//   EXEC   WATFIV 
//Gr),FT02F001   DO  SYSOl)T»RtnCR-(RECFM-F ,RLKSI7E»«OI 
//Gn.SYSIN  DD   * 
»JOB MAUT7tTIMF»l.PAGES»40 

SIJRRIKJTINF   Ctir.(A,R,N,MV) 
COMPLEX   A(55),R(100) 
COMPLEX   U»UltU2ilJ3»CONJ6 
IJ=(0.,1.) 
MV1=MV-1 
IF(MVl)   10,2«),10 

10   |J=0 
DO  20   .1 = 1 ,N 
J1»IJ+J 
00  21   l=l,N 
M=IJ*1 
R1IJI*0. 

21   CONTINUE 
R(J1)=1. 

20 CONTINUE 
25   ANORM=0. 

IA = 1 
DO   35   J=2,N 
J1=J-1 
DO   36   1=1,Jl 
IA=IA+1 
ANORM = AN(IRM+A( lA)<'CnNJG( A( IA) ) 

36  CONTINUE 
IA=IA+1 

35  CONTINUE 
FN=N 
IF(ANORM)   165,165,40 

AO   AN0RM=1.414*S0RT(AN0RM) 
ANRMX=AN0RM*l.E-6/FN 
IND=0 
THR»ANORM 

45   THR=THR/FN 
127   LM=0 

51    |M0«0 
DO   55   M=2,N 
IMQ=IMO+N 
J1=M-1 
LM=LM+1 
MO = LM 
MM=MO+M 
LL=0 
ILO=-N 
DO   50  L=1,J1 
ILO=ILO+N 
LM=LM+1 
LO=LL 
LL=LL+L 
RA=REALIA(LM)) 
AA=AIMAG(A(LM)) 
AM2 = RA*RA')-AA'«<AA 
AM=S0RT(AM2) 
IFIAM-THR)   50,65,65 

65   INn=l 
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ALL««EAL(A(LL)) 
AMMsRBALtAIMMI) 
X=.5»(ALL-AMM) 
SO=SORI(AM?+X*X) 
SINX=-SORT{AM?/(?.*SO*(SO+AKS{X))l) 
IF(XI   70.7^,7^. 

70  SINX=-S1NX 
75  SINXZ=SINX*SINX 

COSX2=l.-SINX? 
cnsx=<;oHT(cusx?) 
SINCS'SINXl-CUSX 
SINT=AA/AM 
COST=RA/AM 
l)l = SINX»(r,OST+l)*SINT) 
i)2=ci)Njr.(un 
10 = 0 
DO   126   I=1,N 
1MM=I-M 
IMI-U   80,115.HI 

RO IM1MM)   8Z,ll5t83 
fl2 IM=1+M0 

1L=I+L0 
Ü3=A(IL )*r,nSX-A( IM)*tl7 
A( IM)=A( Il.)*Ul+A(lM)»CnSX 
GO   TO   12^ 

83 IM=M+I0 
IL=1+L0 
U3«A(IL)»C0SX-C0NJG(A(IM) |*U2 
A( IM)aCONJG(A(lL))»U2+A<IMI»C(1SX 
0(1   TO  1?4 

HI IF(IMM)   84,115,86 
H« IM=I+M0 

1L=L+I0 
U3»A(IL)*COSX-CONJGU( IM) )»U1 
A(IM)=C0NJG(A(II ))*I)1+A<IM)*C0SX 
GO   TO   124 

Hb IM=M+I0 
IL=L*I0 
U3=A(IU«C0SX-A(IM)*l)l 
A( IM)=A( IL)*l)? + A< IM)«CnSX 

124 A(IL)=U3 
115 IF(MVl)   120,125,120 
120 ILR=ILO+I 

IMR=IM0+I 
U3=R (1LR )*r,0SX-R ( IMR )*()? 
R( IMR)=R(Il.R)*Ul+R(IMR)*CnSX 
R ( ILR)=l)3 

125 10=10*1 
126 CONTINUE 

X=2.*AM*SINCS 
V=ALL*C0SX2+AMM*S1NX?-X 
X = ALL*SINX?+AMM#COSX?-».X 
A(LM)=A(LM)«r.OSX?+lll*( ( ALL-AMM ) »COSX-CONJG ( A ( LM ) )*lll) 
A(LL)=Y 
A(MM)=X 

50 CONTINUF 
55 CONTINUf: 

IF(INl)-l)   160,155,160 
155 IND=0 

GO   TO   177 
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160    IF(THR-ANRMX)    1A5,16%,4S 
165   I«J—N 

LL-0 
DO   IBS   I«1,N 
JO-IO 
IO-10+N 
MM»LL 
LL-LL+I 
00   185   J=1,N 
JO-JO+N 
MM-MM+J 
ALL-REALIAILD) 
AMM«REALIA(MM)) 
IF(ALL-AMM)   170fl85il85 

170   A(LLI°AMM 
A(MM)»ALL 
IMMV1)   175,185,175 

175   DP   180   K«1,N 

IMR«JO*K 
U3=R(ILR) 
R( ILR)=R(IMR| 

180   R(IMR)=U3 
1H5   CONTINUe 
131   RETURN 

END 
COMPLEX   U,U1,CONJG,T(360),TC(360),A(55),TT(100),P(100) 
OIMENSION  X(10),VllO),PH!(36)fAM(10) 
PI-3,141593 
C=PI/180. 
U»<0.»1.> 
READ(1,30)   N,M,RK 

30   FORMATIZIS.EHWI 
WRITE(3,32)   N,M,BK 

32   FORMAK'O     N     M« ,6X, "BK •/1X , 2 I 3,EIA.7 I 
REA0I1,10)(X(I ),It>l,N| 

10 FORMATdOFB.«) 
WRITEI3,13)(X(!),I*1,N) 

13   FORMAT! »OX'/dX^OFB.4)) 
READ(l,iO)(Y(l ),I = 1,N) 
WRITE(3,37H¥(I ),I*1,N» 

37   FnRMAT('0Y'/(lX,10F8.4)I 
REA0(1,10)(PHI(I),I=1,M) 
WRITE(3,11){PHI(Il,I»l,M» 

11 FORMAT)'OPHI «/(IXdOFB.*)) 
J1»0 
00   14  K*1,M 
S1»PHI(K)*C 
CS»C0.S(S1) 
SN»SIN(S1) 
00   15   1*1,N 
Jl-Jl+1 
Sl=flK*(X(I)*CS*Y(I)*SN) 
T(J1)«C0S(S1)*U*SIN(S1I 
TC(J1)=CÜNJG(T(J1)l 

15   CONTINUE 
I«  CONTINUE 

Jl-0 
J5»0 
DO   16   J=1,N 
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DO   17   1=11.1 
.1? = .) 
J3»l 
J1=J1+1 
A( .11 )=0. 
OH   18   K=liM 
A(J1) = ä(.J1 l*TC(J3)*T(J2) 
J3=J3+N 
.I2 = J2+N 

18   CONTINUE 
Jft = J'>+I 
TT(J6)«A(J]) 
TT(J«)«CI)NJG«*( Jl ) ) 

17  CONTIMIt 

Ift CONTINlie 
40 CALL   Cfrl MA.P.N.O) 

,11=0 
DO   38   .1 = 1,N 
J1=J1-M 
AM(J)=Ä(Jl ( 

3 8  CONTINUE 
WRITE(3t3*)UM(J) f J=1.N) 

34 FORMAT (' 3EIGENVALiiES'/( IX,5E14.7) ) 
41 WRITE(?f36HAM( J),J«1,NI 
36   FOHMATI^f14.7 ) 

NM=N«N 
WRITE(3»35)(P(I ),I = 1,NN) 

35 FORMAT('OFIGENVFCTüRS,/(IX,5E14.7)) 
42 W8ITF(?,3M(P( I ),I = 1,NN) 

N1=N*(N+1 )/? 
WRITt(3,2h)(A(J),J=1,N1) 

26   FORMAT!'ODIAGONAL   MATRI X</1IX,7F11.4)) 
J1=0 
DO   28   J«l,H 
AM(J)=0. 
00   29   1=1 ,N 
01=0. 
J2«I 
DO   33   K=1,N 
.13=01+' 
01=U1 + 1T(.|?)*H(.I3) 
j2 = j2-»-N 

33  CONTINUE 
,I4 = J1 + 1 
Sl=Ul*r,l N.IGm ,14) ) 
ÄM( J)=AN (.)) + Sl 

2«»  CONTINUE 
,I1 = J1+N 

28  CONTINUE 
WRITE! 3,39) ( AM( J) ,.I=1,N) 

i<4   FORMAT! 'ORAYLEIGH   OOOT I FNT S • / ( IX ,5E 14.7 ) ) 
STOP 
FNl) 

»DATA 
10   36   0.2408^ 82t-t-00 
0.0000      b.-ifOH   10.6048   Ib.'iO??    1<>.?648    1«).?64«    I'j.'iO??   10.6048      5.3608      COOOf 

-10.0000   -«>.6:-?0   -8.4706   -6.?894   -?.S55<»      ?.555<»      6.28<?4     8.4706     9.6320   10.0000 
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!i.0000   lb.0000  25,0000   3S.OOO0  'tb.OOOO   55.0000   ftb.OOOO   75.0000   «5.0000  «»5.0000 
105.0000115.00001 ?5.00001 35.OO00U5.00001 55.00001 ft5.0000175.00001«5,0000195.0000 
205.0000216.0000??5.0000?-»5.0000?45.0000?55.0000?ft5.OO00?75.00002S5.O00O?Q5.0000 
305.0000315.00003?5. 0000335.0000345.0000355.0000 
»STOP 
/ » 
// 

PRINTtü OUTPUT 

N      M HK 
10   36   0.240RHH?l-+00 

0.0000      5.3608   10.60AH    15.50?7   19.?6AR    lq.?648    I'-.bO??   10.604P      5.360«      0,0000 

Y 
-10,0000   -W.6320   -«,<.706   -6.?H44   -?.S55«»      P.bSbV      6.?flq4      «.4706      P.6320    10.0000 

PHI 
5.0000 15.0000 ?5.00Cn 35.0000 45.0000 55.0000 65.0000 75.0000 «5,0000 05,0000 

105.0000115,0000125.0000135.0000145,0000155.0000165,0000175,0000185,0000195.0000 
205,0000215,0000??5,0000?35, 0000245,0000?55.0000?65,()000?75,0000?«5,000OP95,0000 
305.0000315,00003?5,0000335, 0000345.0000355,0000 

FIGENV4LUES 
0.9467145F + 0?   O.R0783?9F + 02   0.619531 3F + 02   0.546«497^f0?   0,?«7599?E+0? 
0.25512136 + 0?   0.9639?H3F+01    0. 3?7541?F + 01   0, 5507557 I--00   0,16?«4?3E + 00 

FIGtNVRCTUHS 
0,2903522F   00 

-0,97297«6F-07- 
0.19R2076E   00 

-0.1850908E-06- 
-0.R914965F-01 
-0.9951651F-07- 
-0.5429378F   00- 
0.30«7«53F-06 
0.529R515E 00 
0.9519529E-06- 
0.16351506 00 

-0.6627H55F-06 
-0.1047320E 00- 
0.1412610E-06 

-0.16556656 00- 
0.6«031696-06 
-0.37734776-01- 
0.36269276-05- 

-0.11801706   00 
0.224^4836-05 

-0.53597126   00- 
-0.19182216-05- 

0.32897696   00 
-0.32871226-05 
-0.41397686   00- 
0.14254786-06- 
0.3899392E   00- 
0.20563036-06 
0.32109836   00 
0.225-'797F-06 

0.?3046?16-n6 0.68448666-01 0.424197?F-0«-0,36474? 16 00 
■0.4««55]16 00-0.297370?F-07-0,19«?093F 00 0,4377566F-06 
0.?547l?56-06 0,48855106 00-0,309 13876-06 0,36474336 00 
0.6H448R4F-01 0.?713567F-06-0.?90354()F 00 0.54?95756-06 
0.?161319F-06 0.?7?0940E 00-0.15330?()F-06 0.330«7«7E 00 
0.117?659E 00 0.3R58715F-06-0.54?936?F 00 0.?94756RF-06 
0.53687?0E-07-0.117?673F 00-0. 52443 1'<p - 06 0.33087806 00 
0.272O941F 00 0. 7309694E-06-0.89)49536-01 0,2100297F-06 
0.4?70?48F-06 0.430808RE 00 0,1473907F-15 0.?9?05?3E-01 
0.77841946-01-0,55246186-06 0.16351626 00-0,«8456366-06 
0.17715756-06-0.77842066-01 0.46541546-06 tl.?9?l 3556-01 
0.4308?036 00-0.14?964«6-05 0,52985466 00-0,7^215976-06 
0.14358716-05-0.545703f.6 00-0. 11 593R96-05-0. 394«668E 00 
0.R8930496-01 0.44750796-0^, 0.16556356 00-0.7249)686-06 
0.815??546-O6-0.H89?91flF-01 0.52978646-06 0.39486606 00 
0.54564576 00-0.58201976-06 0.10472216 00-0.15041326-05 
0.27940796-05 0 . 1 8755066-01-0 .40« 7609(-- 06-0.4 167684E 00 
0.55731316 00 0.73566546-05-0,llH0?60h 00-0.147n336-05 
0.3?594?3F-05-(1,557306MF 00 0.55741746-05-0.4 1677226 00 
0.187589H6-01 0.7413907F-06-0. 377737«l—01 0,37684496-05 
0.36488566-05-0.11451076 00-0.8504H471-06 0.1060919E 00 
0.28100H1H 00-0.51093436-O5-O,32897381- 00-0.77118Q96-05 
0.14H61446-05 O.7R107O16 00-0 . 136 71 36.--05-0 .1 060« 1 16 00 
0.11451076 00 0.65177786-06 0.5359697t- 00 0.3198H75F-05 
0.4?519496-06 0.U710966 00 0,356354^.6-06 0,?0?4003E 00 
0.19541056 00-0.47677016-06 0. 389447', 6 00 0. 6987 ] 33F-()6 
0.340364?F-06-0. 454079F 00 0.574444 6-0/ 0.?0?402?6 00 
0.31?106?F 00 0. 140346«F-06-0.413975'lF 00-0.76863786-06 
0.41976476-06-0.344619?F 00-0.456 145 36-06 0.73667646 00 
0.14750036    00-0.'»4494516-06-0.44763446   00-0.41680466-07 
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0.2H7HH0l>e-O6   O.SA'.hpO'JF   00-0. 5ft,*6'J^?F-0(S-0. 3?!! 0?^?   00  0. 5«1 7h?6F-Oft 
0.1«»622'5AF   00   l).1733O?3F-05-O.3776?l?F   OO-O.^GPSOP'.F-OS  0.41R3334E   00 
0.3710,524F-03-0.3h?'3n'>AF   00-0. 312 1 30')F-05   0.in77S7F  00 0. l'»?5577F-0'> 
O.llWhiOF   OO-CtPT^'i IhF-Oh-O^^?^«»?^^   00-0. «?7HRhPF-07   0.'.1H3226F   00 
0.l33R'j't5t-0h-0.3/7614^   00-0. 36HA()36F-0ft   0.miS??3IF   00  0. 1 241 b34F-07 

-O.llWHOlbF   OO-O.lh^SHA'iF-Oh   0.25>3<J17AF   00   0.411 1 AH7F-0f>-0.37t>lPAqE   00 
-ü.3516473F-0h   0.39073hOE   00-0. 35«<0A^5E-0h-0. 3S3ns<»F   00  0. H053731F-Of 
0.353l210f:   0O-O.23RA4h<»F-0li-0.3VO7AR(SF   00   0.2<>/-«'«?2F-05   0.37<J20flh6   00 

-0.1f)2ft'>lll--OS-0.?'53<»27'J!-   00   0.2444y43F-0'>   0.tl<)ROME   00-0. 1 l'V^0A7F-0'3 

DIAGONAL   M/TRIX 
0.'^A^7^;+0.■   O.OOOOF+OO   0.8^h2F-0fl   0.3?fl3F-10   0.H07RE+02   0.0000F+00-0.57R 1F-07 

-0.2912B-1!    0.21RRE-0^   0.3<J70E-10   O.M')'JF+02   O.OOOOE+OO   0.b032E-05   O.lORiSF-OR 
-0.2737E-0M 0.55«lE-ll-O.?b03E-Oft 0.1073E-10 0.,)AiSRE+02 O.OOOOE + OO-0.173HF-07 
0.l6l7F-r 0.323AE-06-0.412fiE-10-0.R2'<?E-05 0. 5097F-09-0. Rq21E-06 O.ARMQF-OP 
0,28766+0;!   n.OOOOE+00-O.fl UOF-Ob-O.bAqPF-OR-0.1 SOiSh-05   O.l'iAqB-OP   0.20?3E-0fr 

-().21PPF-1 -0.3S32E-O7 0. 6/<*ftF-l 1-0. H5SF-10 O.OOOOE + OO 0.2bSlF + 02 n.OOOOF+OO 
0.1A55E-1O-0.2AR7E-13 0.31ftVF-07-0.3171E-11 O.l'iAAE-O'? 0.12R7E-13 O.hOl'iF-O'- 
0.120AF-1     0,S3PAE-O'>-0.'!.5A5E-0V-O.7'i47E-OQ-0.h3OlE-l'V  0.<)(S39F + 01   O.OOOOF + nr 

-0.2O62E-0')-O.AlO0e-V2-O.2913F-lO  0.2??«)F-lb-0.3'i7Rb-07-0.1377E-11-0.13^0F-1 r 
-O.bAPSE-i;. 0.28P0E-O5-O.8HftRF-lO 0.25ft9F-05-0.1AbOE-OP O.OOOOF+OO-O.1110F-1A 
0.3275e+0.   O.OOOOE + OO   0.37l3F-Ob   0.?A7f.F-OP-0.250^E-05-0.RR7^F-10-C.7lRAF-n ' 

-0.1 A77F-l()-0.2371F-O'>-0.1701F-12 0.3A20F-OP 0. AOROE-1 3-0. (S41 ftr--OiS 0.3344F-0r 

0.b3P0E-0il-0.6l332t-12-0.2782F-07 0.6371E-10 0.550RE + 00 O.OOOOI- + 00-0. 2RR IF-n / 
0.23'>OF-l   -0.111PF-07   0. 1 213F-11-0.13A7F-10   0.33R3E-1A-O.Ab77E-0S   0,2410E-0« 

-0.232HE-OI   O.lbbAE-lA   0.7P3?E-0<J   0.')311 F-l A-0.4S33F-05   0. 77iS(SE-09-0 . 1236E-0' 
-0.^b3E-i;'-0.1455E-10-0.6hiSlE-lS   0.1ft2RF + 00   O.OOOOE+OO 

H»YLEir,H   OlinTlENTS 
Ü.4467105 : + n2   O.R078307t- + n?  O.ft IPbS 14E + 0?   0 .54(SRAPAfc+02   0. 2P7ft013E+02 
0.2Shl244i: + 02   O.P634304F+01   0. 3275400F + 01    0. 550749^+00  0. 1 ft2R3PlF+00 
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PATTFRN SYNTHESIS WITH  CONSTRAINED  SOURCE NORM 

The proRram of   this  section Implements the theory of   section V of Re- 

port No.   2,       Punched  card   Input data  Is read  into  the program according to 

REAlUl.BO)   N.M,   NG,   BK,   EPS 

30 FORMAT   (313,   2EU.7) 

REAI)(l,IO)(X(n,   1-1,   N) 

10 FORMAT(10F8.4) 

READ(1,10) (Yd),   I»l,  N) 

READ(1,10)(PHI(I),  1 = 1, M) 

READ(1,23)(AM(J),  J = l,   N) 

23 FORMAT(5E14.7) 

NN =■ N*N 

READ(1,23)(P(J), J=l,  NN) 

DO  22 JG«1,   NG 

READ(1,23)   CN 

RF.AD(1,10)(G(I),   1=1,  M) 

23        CONTINUE 

The  x and y  coordinates of   N  point  sources  are  read   In as X  and Y.    The 

specified pattern g    of   (2-16)  is read  in as G at M angles PHI.    The 

eigenvalues AM and eigenvectors P of  the matrix  [T*T]  of   (2-35) have been 

punched out by  the program of  section  IV of  this  report.    The constraint C 

of  (2-24)  is  read   in as CN.     The  iterative process  for  finding the root of 

(2-45)   is terminated  as soon as F(a) _ EPS*CN.     DO  loop  22 makes It possible 

to deal successively with NO different specified patterns at the same propa- 

gation constant BK. 

Minimum allocations are given by 

COMPLEX  P(N*N),  T(N*M),   G(M),   TG(N),   C(N), 

A1.P(N),   F(N), TF(M) 

DIMENSION  X(N),  Y(N),   PHI(M),   AM(N),  AM2(N), 

CC(N),   TFM(M),   FP(N),   FM(N) 
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Nested DO loops 14 and 15 store the matrix element given by (2-18) 

in T((m-l)*N+n).  1)0 loop 25 stores ||g |p in OG and replaces G by its 

complex conjugate.  DO loop 20 stores the complex conjugate of [T*)g of 

(2-4!) in TG.  Nested DO loops 26 and 27 store C]  of (2-42) in C(J) and 

ICjl ' in CC(J). 

DO loop 31 stores F(0) of (2-45) in S6. If S6  0, DO loop 68 carries 

out Newton's method starting with ai equal to the center eigenvalue.  Refer- 

ring to expression (2-45), a Is stored in both AL and AS wluie F(a) Is 

stored in FS.  Statement 60 calculates 

>1 F-(V 

F(a  ) 

f w-' (i) 

If a j^ 0 then i . Is set equal to zero. The subscripted a's appearing 

in ( .) are not to be confused with those of (2-40). DO loop 91 puts a of 

(2-40)  in ALP(l). 

DO  loop  33  stores  f  of   (2-41)   in F and accumulates \\i\\2 in FF.     Upon 

exit  from DO  loop  33,     F(J2) will be  the element of  f  largest  in magnitude. 

DO  1icp 92 stores  the synthesized pattern ff  of   (2-23)   in TF and the magni- 

tude) of  the elements   [T]f  in TFM.      ||f||-   is accumulated  in TFS and  t  of 

(2-2J)  in E.     Just  after DO loop 92,  Q defined  by   (2-15)   Is stored  in Q and 

E  is normalized by dividing by GG.     Statement  59 punches  f on cards  for pos- 

sible  input  into  the program of  section  IX of  this  report.    DO loop 41 

nomullzes  the  element  of  f   largest   In magnitude  to unity and then stores 

the Magnitudes  and  phases  in degrees of  t   In  FM iind  FP  respectively. 

According  to  the printed  outputs of  the pattern  synthesis with con- 

stra ned  source norm program of  this section and the pattern synthesis 

program of section   [1  of  this report,   it  has been possible to reduce  the 

sour-.e norm squared  from 13.366 to 4.0 with only a very slight increase 

in t le pattern synthesis error. 
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LISTING  OF   MATTfcKN   SVNTHFSIS  WITH  CONSTRAINED   SOURCE   NORM   PROGRAM 

// (n034,FF. lSS,l.A),'MAIiT7tJOESREr,inN»200K 
//   FXEC   WATFIV 
//GO.FTOZFOOl   01)  SVSO(lT = H. OCHs (RFCFM = F tRLKSI 7F = R0 ) 
//GO.SYS IN  DO   • 
$JOH MAUT7 ,TIMF = l.fAr,ES=40 

COMPLFX   U.Ul.CONJGfP< 100).TmOI.G(3M,TGnOI.C( 10I,ALP( 101 
COMPLbX   0?fF ( VO) ,TF( 3(S) 
DIMENSION  X (10 ».V 1101 »PHI ( 3(S ». AM (101, AM2( 10 ) ,CC (101, AS( 311 
PIMENSION   FS(30) ,TFM(3iS),FP(10) ,FM(10» 
PI=3.1^15«)3 
CP=P|/1H0. 
U»(0.,1,I 
RFAD(1,30)   N.M.NG.HK.FPS 
FORMAT!3I3.?F14.7) 
WHITF(3,3?)   N,M,NG,HK,FPS 
FdRMAK'O     N      M   NG«,ftX, "BK'.IIX,'FPS'/1X,3I3,2F14.7) 
REAOd ,10)(X( I ), l = l,N) 
FOKMATI10FH.4) 
WRITE(3,13)(X( 1 ),1=1,N) 
FORMAT!'OX'/! 1X,10F».*1I 
READIl,10)(Y(I),I=l,N) 
WRITE(3»37)(V!1).1=1,Nl 
FORMAT!'0Y'/(1X,10F8.A)) 
REAOü.lO) (PHI ( I ),I=1,M) 
WRITE(3»ll HPHI ( I ).l=l,M) 
FIIHMAT( 'OPHI '/ ( 1 X.IOFH.A) ) 
RFAD( 1 ,?3HAM(.I) ,,1 = 1 ,N) 
Ff)HMAT!'5F1<,.7 ) 
HRITK3,?M IAMIJ) ,J=1 ,NI 
FORMAT! 'OÄMt/( IX.SEH.TI) 
NN«N*N 
ZM=M 
READ(1,?3) (P(.l) ,.)=1,NN) 
WRITK3,?! ) !P! J),.l=l , NN ) 
FORMAT! '01''/ llXt&E14.7|) 
DO   2^   J=1,N 
AM2! J)=AM! JH-AM!,)) 
CONTINUE 
J1=0 
DO   1A   K=1,M 
S1=PHI!K)*CP 
CS=C0SIS1 ) 
SN=SIN!S1) 
00   15   I=1,N 
J^Jl + l 
SI =RK#!X( I )*r.S-t-Y( I )*SNI 
T! Jl )=C0S!S1 )+l)*SINISl ) 
CONTINUE 
CONTINUE 
DO   22   jr,«l,NG 
RFADIl ,23)   CN 
WRITH3,?«»   CN 
FORMAT!'0CN=»,F1A.7) 
HFAO!1,10)!GII),I=1,M) 
WRITFI3,1?)!G!I ) ,1=1 ,M) 
FtlRMAT( 'OG'/! 1X«10FH.4) ) 
GG=0. 
DO   25   ,I=1,M 
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iM=tiiN,u.(r.(.i)) 
r,{-,=r.r,+G( J)»IJI 

r.(j|=ui 
26  CONTINUE 

DO   I«*  .1 = 1 tN 
.12 = J 
T(;(J)=0. 
OH   20   K=l,M 
TfiU) = TR(JHT (.!?)»(".(Kl 
.I2 = J2+N 

20   CONTINIIF 
1<J  CflNTIMUt- 

.11=0 
Dd   Zh   ,l=l,N 
U1=0. 
DO   27    I=ltN 
Jl=JUl 
in«Ul+P(Jl )*TG( I ) 

2 7   CONTINUE 
C( J)=CnN.I(;(Ul ) 
CC( J)=H1»C(J) 

26 CllNTINUt 
WHITt{3,200) (CCt.I »,.) = !.N) 

200 FORMAT(«0CC,/(lX,5eU.7>y 
.IÄM=(N+1 )/? 
fP = FfS*r.N 

201 Sft=CN 
f)(l   31   K = 1,N 
S6=S(s-r.r,(K )/AM?(K i 

31  CONTINUE 

1^(56»   66,66,ftb 
65   *L=0. 

4S( J'Jj'AL 
FS(J9»sS6 
RO   TM   H7 

ht    AL=AMUAM) 
AS(JM)=AL 
fin   6H   ,1 = 1 ,30 
S2=CN 
Sb^O. 
Oil   67   K = 1,N 
S3=AM(K)+AL 
S4=S3«S3 
s2=S2-r,r.(K)/s4 
SbsS^ + CCiK )/(S<f»S3) 

ft"«   CONTINUE 
FSl.l'l l = S? 
IMAKSIFSU«») ).LF.FP)   RO   TO   87 

6r    AL=AS(,|4)-,'>*HS(.)4)/S5 
IF(AL.LE.O.)    Al =0. 
J'* = J^+1 
AS(J^)=AL 

ftf   CnNTINUF 
WKI TK 3,214) 

21«    FOKMATI'ONFWTDNS   MFTH(II)  010   NOT   CDMVFRGF') 
8'    DO   91    K=l,N 

AL(MK)=r. (K )/ ( AM(K )+AL ) 
91    CONTINUE 

WH I IK 3.90) ( AS (K ) ,K = 1 ,.19) 
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»»O FORMAT« •   CIJNVeHGfNCe  f)F  LAfiRANGF  MOLT I PL IER • / (IX, 7EI1.4 M 
WHITE(3,lOO)tFS(K),K»l,J<>( 

100  FflHMATI'   (-UNCTION'/I IX,7F11.«)» 
FMO. 
S2»0. 
Of)   33   t"liN 
F(I)=0. 

D(J   A4   K = l ,N 
F( I ) = F(I ( + ALMK)*P(JM 
J4=J4+N 

44 CONTINUE 
Sl=F(I )*CÜNJG(F(I ) ) 
FF=FF+S1 
IF(S1.LT.S2(   GU   TO   33 
S2»S1 
J?=\ 

33 CONTINUE 
e=o. 
TFS=0. 
.11=0 
OP   92   KK=1,M 
111=0. 
Of!   93   K=1,N 
J1=J1+1 
Ul=01+T(Jll*F(K) 

93 CONTINOF 
TF(KK)=U1 
U2=C0NJG(01) 
Sl=01«n? 

TFS=TFS+Sl 
TFM(KK)=S0RT(S1) 
01 = 02-G(KK ) 
SI«U1*CÜNJG(U1 ) 
F=E+S1 

92 CONTINOF 
0=ZM*FF/TFS 
e=F/GG 
WRITE(3,4fl) GG.FF.F.O 

48 FORMAT!'OGG=',F14.7,' FFs'.FH.?,' E^'.EIA,?,» 0=»,ei4.7) 
WRITE(3,46HF( I ) .1=1 ,N) 

45 FORMAT!'0F'/(IX.bE14.7(1 
59   WRITE(2,?3)(F(II,I=1,NI 

01=1./F(J?I 
On   41   J=l,N 
F(J)=01*F(JI 
FM( J )=r.ARS(F( J) 1 
S1=REAL(F(J)1 
S2 = AIMAr,(F( J) ) 
FP(J)=(ATAN2(S?,S1))/CP 

41 CONTINOF 
WHITE(3,42I (FM( J),,) = l ,NI 

42 FOHMATI'0FM«/(1X,10F7.3)1 
WHITF(3,43) (FP( J),.I = 1,N1 

43 FORMAT!'OFP'/IIX.10F7.1)1 
WRITE(3,49){TF(K),K=1.MI 

49 FORMAT!'OTF</(IX.10FH.41) 
WRITEIS.bft)!TFM!K),K=1,M) 

Sft   FORMAT!'OTFM'/!1X,10FH.41) 
22  CONTINOF 
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s rnp 
f-MH 

10 3(i    i o.?<«0ii8«?e+on n.iooooooe-n? 
O.nnnd     5,3^0«   10.A04H   IS.SO??    IW.-'M.H   iq,?A4fl   lh.S()?7   lO.^O't«     b.^hO«     0.0000 

-10,0000   -s.hvn   -H.^/Oh   -ft.?89«    -?,li'S',g      P.'iSH^      ft.^MOA      B.470ft     il,h3?0   10.0000 
^.0000   15,0000  25,0000   3S.0000   45.0000  ^S.OOOn   ftS.OOOO   7S.OO00  R5.0000  «'S.0000 

1 OS.0000 1 IS, 0000125.00001 35.000014 5.0000155,0000]ftS, 00001 VS.00001 «S,00001 PS.0000 
?0S .00002 ) 5,0000225,0000235,0000245.0000255,0000265,0000275.0000?ft5,00002<'5.0000 
305.0000315.0000325.0000335.0000345,0000355.0000 
0.«»467145e   0?   O.HO'H-i:^!-   02   0,61M5313H   07   0,54ftH4«>7f    07   0.?fl7SPP7t;   0? 
0.2551213F   02  0.<>63«J?H3I    01   0.3275412F   01   0,55O7557F   00   0. 1 ft?R4?'1i-   00 
0.7P03S^2f-  00  0.2304621^-06   0,A844HftftF-01   n.4?41<?72e-0S-0,364742lE   00 

-O.'»729786e-07-0,48H551 IF   00-0. 2973702E-07-0,1<)R20<J3I    00   0.^ ^77SftftF-0ft 
0.19«2n76£   on  0.25471?5t-0h   0.4KR5510F   00-0,30P13876-06   0.Hft47433F   00 

-0.1850^086-06-0.68448846-01   0. 27135676-06-0,2<J03540f   00   0^42457^6-06 
-0.8914^656-01   0.216131(»6-06   0,27209401    On-('. 1 s^--(0?0F-0ft   0.^30H7H76   00 
-0,99S1651b-07-0,11726546   00   0,38587156-06-0,54293626   00   0.?947SftH6-0ft 
-0.54293786   OO-O.53687206-07-0,11726736   00-0.52443186-06   0,33087806   00 
0,30878536-06   0.27209416   00   0,73096946-06-0.89149536-0]   0. ?100?P7F-0ft 
Ü.S^'JHHiSh   00  0.42707486-06   0.43080PRE   00  0. l''.7HP07f--0S   0. ?<»?05?36-01 
0.95195 296-06-0.77841946-01-0.55246186--06   0. 16351626   00-0. 88456366-06 
0.16351506   00  0.17715756-06-0.77842066-01   0.46541546-06   0,29213556-01 

-0.66278556-06   0.'. .OtVO-U'   00-0. 14796486-05   0.52985466   00-0.75215976-06 
-0.10*7 3206   OO-O.14358 71f-05-0.54 5 7036E   00-0.11593896-05-0.394866 86   00 
0.14126106-06   0.88930496-01    0.44750796-06   0.16556356   00-0.774P1 ft«F-0ft 

-0.16556656   OO-O.81622546-06-0.889291«6-0]   0.52928646-06   O.SPASftftOE   00 
0.68031696-06   0.54569S7F   00-0.58201976-06  0.1047221F   00-0.1S041376-05 

-0.377 34776-01 ■0.77940/9F - OS   0. 1H7 55066-01-0.409 /^O'lF-0ft--0 .4 1 ft 76^6   00 
0,36269276-05-0.5S731316   00   0.23566546-05-0.11807606   00-0.14773336-05 

-0.11801706   00  0.32594736-05-0.5573068E   00  0.55741246-05-0,41677226  00 
0,22424836-05   0.18758986-01   0.24 139076-06-0.37723286-01   0.Vft«44öF-0S 

-0.53597126   00-0.36488566-05-0.11951076   00-0.«5048476-06   0.10609lQt   00 
-0.19182216-05- 0.28100816   00-0,51093436-05-0,32897386   00-0.? 711HPPF-0S 

0.32H97ft9i-   00   0.14861946-05   0.2810201F   00-0.13671366-05-0,10608116   00 
-0.32871226-05   0.11951076   on   0.65172786-06   0.63596976   00   0.31988256-05 
-0.41397686   00-0.47519496-06   0.31210966   00  0.35635466-06   0.2074003F  00 
0.14254786-06-0.19541056   00-0.4 7627016-06  0.38994776   00   0.69«71336-06 
0.:ifl99-«97F   nO-0.34(M69?t--Oft-0.1954079F   00   0,52944416-07   0.7024077F   00 
0.70Sft J,PlF-0'.   0.31710626    00   0 , 1 i. O^PftHF-Oft-O. <. 1 3C)7S4F   00-0. ?68ft3?HF-0ft 
0.32109836   00   0.41976476-06-0.34461976   00-0.45619536-06   0.?3662ft4F   00 
0,22577976-06   0,1475003F    00-0.49449516-06-0.44763496   00-0.41680466-07 
0.447^n4F   OO-O,49447046-06-0.l'»75034F   00-0.32886546-06-0,23662096   00 
0,28788056-06   0.34462046   00-0.56965326-06-0.32110296   00   0. S9176?SI--0ft 
0.19622546   00  0.17330236-05-0.37762126   00-0.30230246-05   0.4lf33:Uh   00 
0.37105246-05-0.36260S4E   00-0.31213096-05   0.11177576   00   0.14255776-05 
0.1117630t   00--0.42754166-06-0.362497SF   00-0.82788696-07   0.41R3??ftF   00 
0.13385466-06-0.37761496   00-0.35845366-06   0.19672316   00   0.12415346-07 

-0,11980151    00-0.16568446-06   0.2539174F   00   0,41114876-06-0,37919496   00 
-0,35169736-06   0.39073606   00-0.35904956-06-0.35311596   00  0.H0S3731F-nft 

0.35312101    00-0.23844646-05-0.39074866   00   0.24684226-05   0.37P70«ftF   00 
-Ü.35265116-05-0.75392746   no   0.24449936-05  0,11980686   00-0.1146047F-05 

o.«oonnooF + f>i 
s.Ol^l      0.0000     3.8637      0.0000      2.3667     0.0000      1.7434     o.OOOO     1.4142     0.0000 
1 .??(!«     0.0000     1.1034      0.0000      1.0353     0.0000      1,0038      0.0000     0.0000     0.0000 
0.0000      0.0000     0.0000      0.0000      0.0000     0.0000      0.0000      0.0000     0.0000     0.0000 
0.0000     0.0000      0.0000      0.0000      0.0000     0.0000      o.nooo      O.OOOO     0.0000      0.0000 
o.oooo o.oooo o.oooo o.oooo o.ooon n.oooo o.oooo 0.0000 o.nooo 0.(1000 
0.0000 o.nooo o.nooo o.oooo o.nooo o.ooon 0.0000 n.oooo n.oooo o.oooo 
o.ooor    o.oooo    0.0000    0.0000    0.0000   0.0000    0.0000    n.oooo   0.0000    0,0000 

36 



ü.ooon    n.nonn 
tSTUP 
/* 
// 

MRINFhO   IUJTMIIT 

10 36    i n.pfOHHRpe+on n.iooonooF-02 

O.nonO      S.'lftOR   in.ftOAH   15.%0?7   1W.?ISA8   lq.?ftAfi   15.bO?7   10.ft04fl      5.360B     0.0000 

Y 
-10.0000   -M.h3?n   -H,<V70h   -iS,?H4^   -?.5li^9      ?.S5'JC>      6.?R4A      R.^TOft      <?.ft3?0   10.0000 

PHI 
b.oooo is.nonn ?b.oonn ^.nooo A^.OOOO S^.OOOO ISS.OOOO 75.0000 «5.0000 «»5.0000 

105.0000 115.00001?5.0000135.00001^5.0000155.000016 5.00001 75. 00001R5.00001'»5.0000 
20 5.OOOO2 15.on00?25.00O0?3 5.00OO?4 5.OOOO?55.0000?65.O000?75.OOOO?fl5.0000?c)5.00OO 
305.0000n5.0000325,0000335. 0000345.0000355.0000 

AM 
0.4467|'»5(;   07   0.HO7H32<JF   02   0.6145313F   02   0.5A6SAP7F   02   0.2R75<)P2li;   02 
0.2551213F   02   0.4fi342H3F   0]    0.3275412F   01   0.5507557F   00   0.162R'!.23E   00 

P 
0.2<»O3522E + 00   0.230462 1 F-OiS   0.6fi44H6^F-01   0.'t241P72F-0R-0. 364742 1F+00 

PLUS    3^   MÜ«F   LINFS   l)F   MKINTFO   HUTPIlT 

CM«   0.4nOOOOOF+01 

5.0141 
1 .220H 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 

o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

^.H617 
1.1034 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

2.3662 
1.0353 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1.7434 
1.003R 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1.4142 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

cc 
0.2552661F + 03   0.4203 1 54F + 03   0.2834061F+02   0.270612RF+03   0.36131156+03 
0.1311W16F+03   0.114'<406F+02   0. 1260!25F + 02   0.2570739F + 00   0. 2755140F+00 

CONVFHCFNCF   fIF   LAGRANCF   MULTPLIER 
0.2H76F+02   O.OOOOF+OO   0.71?3F-01   0.1534F+00   0.2190F+00   0.2440F+00   0.2464E+00 

FlIMCTIRM 
O.3 731F+01-0.l»365F+01-O.37 66E+01-O.12B7F+01-0.2qi5F+00-0.2 3VOF-01-O.l«41F-03 

GG«   0.5554504H+02   FF=   0.4000140F + 01   F=   0.3243423E+00   0=   0.404P5R6F+0! 

F 
-0.3427129F   00   0.2^4H44<JF 00   0.7955R74F    00   0.1RR6416F   00-0.^37745PF 00 
-().33021H7F   00   0.1621364F 00   0.7R94644F   00-0.40c)6627F-03-0.21261HRE 00 
-Ü.303675HF   00   0.46q2434F 00-0.1669025F-01-0.1«21197?   00-0.1Q63 136E 00 
0.6173351F   00-0.5551624F 00-0.4323723F   00   0.42R134HF   00-0. 171760'»F 00 

FM 
0.421       0.H2?      1.000      0.R11      0.214      0.56?      0.1R4      0.652      0.70H      0.464 
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FP 
■'>A.4      173.<» 0.0  -121.0 70.5     -7«S.5       (SS.'t     -91.« 1H.5     13«.7 

TF 
2.Mlft 
Ü.4M2 7 
0.2«<hl 

-0.25^ 
-0.U96 
0.2513 

-0.55AO 
I .3812 

0.0'>5? 
0.3h38 

-0.3')?? 

-0.M162 
-0.2()A4 
0.0Ü55 
0.0;'43 

2.9077 -0.047? 
O.bbbh     0.5280 
0.2310 -0.4A21 

-0.1844 -0.3355 
-0.2566 -0.4862   -0.2469 
0.216?     0.065A     0.0097 

-0.7741     0.0575   -0.8721   -0.0190  -0.5656   - 

2.6436   -0.3090      1.7975 
0.6«76     0.2764     0.5985 
0.0«65   -0.5259   -0.1097 

-0.0742   -0.3590  -0.0032 
0.5705  -0.1000 
0.2043  -0.2235 

0.3829 
0.0896 
0.510« 
0.3730 
0.5771 
0.1624 
0.1191 

0.9121 
0.4039 
-0.2429 
-0.0323 
0.1083 

■0.3873 
0.2513 

-0.0846 
-0.2834 
-0.4192 
■0.3757 
-0.4517 
0.071H 

-0.1 O'W 

TFM 
2.4135 
0.4601 
Ü.4329 
0.5567 

2.9081 2.6616 1.8379 0.9160 
0.4«i«8 0.5329 0.5226 0.4845 
0.5'.97 0.6217 0.5857 0.4645 
0.7-'62 0.8723 0.57HO 0.2727 

0.6125 0.7665 
0.4326 0.3828 
0.324(1 0.2259 
1.3814 

0.7411 0.6052 0.4934 
0.3666 0.3731 0.3771 
0.2046      0.2763     0.393<i 
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VI.    MAGNITUDE PATTERN SYNTHESIS WITH CONSTRAINED NORM 

Th« program of this section Implements the theory of sections IV and 

V, Report No.  2. 

Punched card data Is read In according to 

READ(1,30) N,M.NG,N9IBK,EPS 

30        FORMAT(4I3,   2EU.7) 

READ(1,10)(X(I),  1-1, N) 

10        FORMAT(10FB.4) 

READ(1,10)(Y(T),  1-1,  N) 

READ(1,10)(PHT(I),   I-1.,  M) 

READ(1,23)(AM(J), J-l, N) 

23        FORMAT(5E14.7) 

NN - N*N 

READ(1,23)(P(J),  J-l,  NN) 

DO 22 JOl, NG 

READ(1,23)  CN 

READ(1,10)(G(I),  1-1, M) 

22        CONTINUE 

The x and y coordinates of N point sources are read in as X and Y.    The 

eigenvalues AM and eigenvectors P of the matrix [7*T] of  (2-35) have been 

punched out by the program of section IV of this report.    The starting 
Jß_ 

value of h e       In (2-21) Is read In as G at M anglea PHI In degrees in 
m 

the plane of the point sources. The magnitude of G(m) Is the magnitude of 

th 3Sm the specified pattern at the m     angle. The phase portion e   of G(m) 

implicitly gives the starting value for B . DO loop 22 makes it possible 

to deal successively with NG different specified patterns at the same propa- 

gation constant BK. The constraint C of (2-24) Is read in as CN. The 

iterative process for finding the root of (2-45) Is terminated as soon as 

F(a) <_ EPS*CN. Step 2 of the iteration procedure described in section IV, 

Report No. 2, is repeatedly executed until the pattern synthesis error e of 

(2-19) ceases to decrease, but not more than a maximum of N9 times. 
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Minimum allocations are given by 

COMPLEX P(N*N), T(N), TP(N*M), G(M)1 C(N), 

ALP(N), TF(M), F(N) 

DIMENSION X(N), Y(N), PHKM), AM(N), 

AM2(N), H(M), FF(N9+1), E(N9+1), 

Q(N9+1), CC(N), TFM(M), FM(N), FP(N) 

X) loop 15 stores the Kth row of the matrix [T] of(2-18) In T.  DO 

loop IS stores the K^element of (T)fj in TP((J-1)*M+K). DO loop 25 stores 

h of (2-19) In H, accumulates ||g |p of (2-14) in GG and replaces G by Its 

comple< conjugate. 

steps 1, 2, and 3 of the Iteration procedure described in Section IV, 

Report No. 2, are executed for the K9t time inside DO loop 19.  DO loop 18 

storus C of (2-42) In C(J) and |C |- in CC(J). DO loop 31 stores F(0) of 

(2-45) in S6.  If 56 < 0 DO loop 68 carries out Newton's method starting 

with a equal to the root of (2-45) for the previous value of K9. a is stored 

in both AL and AS(J9) while F(a) of (2-45) resides in FS(J9).  Statement 60 

calculates (1). 

If a <_ 0 then a . is set equal to zero. The subscripted a's 

appearing in Equation (1) are not to be confused with those of (2-40). 

DO loop 91 puts a of (2-40) in ALP(l) and accumulates ||f||2 in S5. 

DO loop 92 stores the synthesized pattern 

[Tlf = I    a [T]* 
1-1 

in TF and its magnitude in TFM.  DO loop 92 also accumulates || [TlfH2 and the 

pattern synthesis error e of (2-23) in TFS and SI respectively.  Statement 

56 chsnges the angle of G to that of (Tf) .  At the end of DO loop 19, the 

source norm squared 
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I?ll2- I   kl2 . 
i-i    1 

the relative pattern synthesis error —  , and Q defined by (2-15) as 

M -^—^7— are stored In FF, E, and Q respectively. 
Ilmlll2 

DO loop 94 stores f In F and accumulates the source norm squared 

If II2 
N 

I 
n-1 

in S3, DO loop 94 dlsvovers that the J3  element of f Is largest In 

magnitude. As expected, the second and fourth quantities S3 and S4 

printed by statement 57 are very close to the final values of FF and Q. 

Statement 59 punches f on cards for possible Input Into the program of 

section IX of this report. DO loop 5J normalizes the element of f 

largest in magnitude to I and then stores the magnitudes and phases in 

degrees of the elements of t in FM and FP respectively. 

According to the printed outputs of the magnitude pattern synthesis 

With constrained source norm program of this section and the magnitude 

pattern synthesis program of section III of this report, it has been pos- 

sible to reduce the source norm squared from 27.540 to about 8.0 with 

only a slight increase in the pattern synthesis error. 
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LISTING IJI- MAGNITUDE t^TIFRN SYNTHFSIS WITH CONST R AI Nf D SOURCE NORM PRORRAM 

// l003AfFEtl5S»l»4).«MAUTZ .JOF' tRFr,inN = ?OOK 
// HXFC W*TF-IV 
//Gn.FT02F001   I'D  SYStlUT = H.()CR= (RFCFM = F tRLKS I/F = RO ) 
//GO,SYS IN   DO   * 
SJOB MAUTZ ,T IMF = 1 ,RAr,ES = 40 

COMF1.EX   U»Ul,CONJG,P( 1001 tT ( 10) , TP ( ^0) ,CA3h) 
CUMFLI-x   CdO) iALPIlO)iTF(3Ay rFUO) 
DIMENSION   X( 10) ,Y(10),RHI (3M t AM( 10) ,AM2( 10l,H(3ft),FF(ftl ),F( (SI) 
DIMENSION   0(M ) .("(", (10) ,ASm ) .FS(30) ,TFM(3M,FM(10),FP( 10) 
Pla-.1<*1593 
CR=fI/1H0. 
li= IC ..1 . ) 
R6At'(1,30)   N,M,NG,N9,BK,BPS 

30   F0RKAT(AI3.2E14.7) 
WRITE(3,321   N,M,M, .NM.RK.FPS 

32   FORMATC'O     N     M   NG   N1» ' , ^v , > RK ' , 11 X , ' EPS '/l" ,41 3, PFl'.. 7 ) 
RE At1 (1,10) IX (I), I »1,N) 

10 Fl)«f AT I 10FR.«) 
WRirE(3,l3)(Xm,I»l,N) 

1 3   FORMAT( 'OX'/(IX,10F».AII 
REAIM 1 ,10) IY(1),I=1,N) 
WRnE(3,37) (Y(n,I«l,N) 

■i7   FdRMAT ( •OV "/(IX.IOFB.*) ) 
REAtM 1 ,10) (PHI (I ),I=1 ,M) 
W«r F ( 3,11 ) (PHM 1 ) .I=1.M) 

11 FORMAT) <0PHI '/( 1X.10F8.4) ) 
"SAHI 1 ,?'•*) (AM(.I) .,1 = 1 ,N) 

2? FORMAT«SF14.7) 
WRT F( 3 ,?4) (AM(,I) .J=1,N) 

2A   FORMAT! «OAM'/dX.SFlA,7) » 
NN=fi*N 
ZMeM 
,1AM:   (N+l )/? 
REA(i(l ,23)(P(J».J»1 .NN) 
WRI" E(3,21)(P(J) .,1 = 1 ,NN) 

?1   FORMAT! »OP'/dX.SFl*.7» ) 
on ;■<) ,) = i ,N 
AM2. ,) |=AM(J1»AM(J) 

?4   CON   INUfc 
on ■ *. t< = i.M 
SleJ'Hl (K)*CP 
CS=( OS(M ) 
SN=MN(S1 ) 
m i ; 5  I = i, N 
si=iiK* (xi! )*r.s+Y( i )*SN) 

T( I   =Cns(Sl )+0*SlM(si) 
15   COM    INUE 

,)l=ii 
J2s|; 
Dfl     h   J=1,N 
TP(.12 1=0. 
DO     7   I=1,N 
Jl = ,ll + 1 
TP(.I2 ) = TP(,J?)+T( n*P(,)l ) 

17   CUM   INUE 
J^.^ + M 

\h   CON    INOh 
1«.   COM    I Ml IF 
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2H 

1? 

2S 

?ni 

DO  22   JG»1.NG 
RfAD(l,?3)   CN 
WHITE(3,?M)   CN 
F(1«MAT( >(\CN=> ,FH.7) 
Bt-AOd flO) (G(I ),I = 1,M) 
WHITF(4,1?) IGI I I,1=1.Ml 
FCIRMATI »OG'/dX, 10FR.4) ) 
eP = EPS*f.N 
C,C- = C, 
nn 2b J=I,M 

Ul«C0NJG(6(J)) 
Sl«G(J)*Ul 
GG = Gr,-fSl 
H(JI=S0HT(S1) 
GUI =U1 
CONTINUE 
FF( i ) = n. 
K1 1 = 1 . 
0(11=0. 
J»»=l 
AL=AM(,IAM) 
AS( 1 l=AL 
DO   1"   K'J=1 ,W 

SO 

1H 

41 

hb 

hh 

hi 

60 

.11=0 
DO   IB   .) = l,N 
1)1=0. 
(If)   20   1=1 ,M 
.I1=J1 + 1 
Ul«Ul + TP{Jl )«G(I I 
CfINT INdt 
C(J»«CONJGtUl) 
cc( ji=t)i*r. (ji 
cnNTiNue 
S6=CN 
nn 3i K=I,N 
Sh=S6-CC(KI/AM?(Kl 
CONTINUE 
|F(S6)    66,65,6b 
.)9=l 
AL=0. 
AS( J«»)=AL 
FS( J'»I = S6 
GO   TO   R7 
AL=AS( J«») 
AS(1l=AL 
J«»=l 
DO   6H   J = l ,30 
S2=CN 
Sb = 0. 
DO   67   K=1,N 
S3=AM{K)+AL 
S4 = S3«5;3 
S2=S2-CC(KI/S4 
S5 = S5+CC(KI/(S<.»S3I 
CriNTINDE 
FSI J«JI = S? 
IF(AHS«FSU9) I.LE.FPI   GO 
AL = AS(J')I-.5»FS(.I«»)/S5 
j«»=jq*i 
IF{AL.LF.O. 1   AL=0. 

TO   87 

43 



hH  CONTINUE 
WR1Tt(^,?1«0 

2l<>   t-DRMAK "ONtWTUN'   MPTHdO  Dill   NOT   CDNVERGEM 
«7   S!> = 0. 

00   91   K«l»N 
ALP(K )=C(K)/(AM(K)*AL) 
S1=ALP(K |*C0NJGIA(.P|K) ) 
S^SS + Sl 

41   CONTINUE 
WRITEO.^OXAStKI.K-t.J1») 

MO  FORMAT!'   CONVERGENCE   OF   LACHANGF   MULTIPLIER'/< IX« lOEU.«)) 
WWl Tt- ( 3,100) (FS(K) ,K = 1,J(J) 

100   FORMAT«'   FUNCTIÜN'/( lX,10Ell.<tl ) 
si=n. 
TFS=0. 
DO   92   J=1»M 
J2 = J 
U1=0. 
DO   <ii    K=1,N 
U1=U1+TP(J?)*ALPIK) 
J2=J2+M 

93   CONTINUE 
TF( J)=l)l 
U1«C0NJG(U1) 
S2-TF (.1 )*U1 
Tf-S=T(-S + S2 
TFM<.I )=S0RT(S2) 
S2 = TFM(,I(-H(.|) 
S1=S1*S2*S? 
G( J) = (H( J )/TFM(,l) )*l)1 
CONTINUE 
J2=K9+1 
FF(J2)«S5 
FIJ2)«S1/GG 
0(J2)=7M»S5/TFS 
IF(E(J2).0e.E(K9))   GO  TO  4* 

CONTINUE 
WRITE(3,51 )(FF(I ) , I = 1 , ,)2 ) 
FORMATI'ONORM   SQUARED  OF   F•/(IX♦5E14.71) 
WRITE(3,52)(E(I),1=1,J?) 
FORMAT! »OR FLAT IVF   ERROR */(IX«SE14.7 11 
WRITE(3,53)(0( I ) ,I=1.>I2) 
FORMAT! «OO'/! lX,t>F14.7) ) 
52 = 0. 
53 = 0. 
00  9 4   J=1,N 
F(J)=0. 
Jl»J 
00 <ib   1=1,N 
F( J)iF( J)+P( Jl )*AI.P( I ) 
J1«J1+N 

95   CONTINUE 
51 =F(J )»CONJG(F(JI) 
S3=S3+S1 
IF(S1.LT.S2)   GO  TO  94 
52 = S1 
J3«J 

9^   CONTINUE 
01 = 1./F(J3) 

42 

19 
AA 
51 

S2 

HI 
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57 WRITEOiS*)   GG«S3IF(J2)IS4 

hA  FURMATt •06G>1 tEH^t *   FF«» iEl<t.7,'   E 
WR I Tf ( i,W ) (K I t. I =1.NI 

t*H   FORMA! ( •0F,/<1X,6F14.7) ) 
5<» HRITE(?,23) (F(l ).I"1.N) 

00   5 S   ,) = 1 , N 
FU)"IJ1»FUI 
FM( J )=r,ARS(F (.1) ) 
SI =KML(F( ,1 ) ) 
S2»A1MAG(F(J ) ) 
FP(J) = (ATAN?(S?,S1 ) )/r> 

5.')  CONTINUfi 
WKITK 3,«?) (t-M( J) ,.) = ! ,N» 

42 FORMAT!'OFM'/IIX,10F7,3) I 
W« I TK 3,A3 ) (FP I.I) ,.1-1 ,N) 

43 FORMA1 I >OFI>" / ( 1 X , 1 OF 7 .1» ) 
WRITM 3,44)(TF(K),K«1,M( 

ttQ   Fn«MAT( "OTFi/nXflOFB.A) ) 
WRITEO.SOMTFMd ) , I = 1,M) 

•yO  FORMAK »OTFM'/I IXflOFB.A ) ) 
?2 CONTINUE 

STPP 
FMI) 

tllATA 
io 3^ i 4n n.?40H8H?F*on o.ioonoonF-o? 
0,0000      b.3hOH    10.604H    lb.SO??    14.?ft4H    1 

-10,0000   -<*,ft^?0   -H.4/06   -f>.?)-44   -^.SSbq 
b.oooo ib.noon ?b.oono ^b.oono 4b.nooo 5 

lOb, 0000111.00001?S.000013b.000014b.0000 is 
20b,00002 IS,0000??b,0000?3b.0000?4b.()000?b 
30b, 0000 3 lb, 0000 3 ?'i. 0000^ 3S. 000034b. 00003b 
0.'»4ft7145F   0?   O.HOV8^?'JF   0?   0,M4b313l-   0? 
0.2Sbl?13F   0?   O.^A3'J?H3F   01    0.3?7b41?F   01 
0,2'»03b22t 00 0,?3046?1 F-Oft 0.6R44HblSH-01 

-0,'J7247B6F-0 7-0.4HHbbl IF   QO-O. ?W7 3 70?F-07 
0,1<»82076F 00 0.?b471 ?bF-OiS 0,4HHbblOF 00 

-O,l8b0«»08F-0ft-0.ftH44HH4F-01 0.2713Sft7F-0iS 
-0.8qi4q65fc-01 0.?lftl314F-0A 0,?7?0940F 00 
-0,<J4blbblF-07-0. 11 7?ftb'4F 00 0, 3H.bH7 1 5F-0iS 
-0,b424378t   O0-O.S36H7?OF-07-0.117?A73F    00 
0,3087flb3F-06   0.?7?044lF   00   0,730Wft44F-0ft 
O^Z^Sblbfc   00   0.4?70?4HF-0ft   0.43080H8F   00 
0,4bl<yb29F-0ft-0.7 7«4 1P4F-01-0.5S?4hl8F-0ft 
0.163blSOfc 00 0,1771 b7bF-0^-0,77H4?OibF-01 

-0.6ft278bbF-OiS 0.430H?p^F 00-0. 14?4ft48F-Ob 
-0.1047320F   00-0.14-<bH71 F-0b-0.b4b703AF    00 
0.1412M0F-0ft 0.8F-»3044F-01 0.447b07PF-0ft 

-O.lftbbhftSF   00-O.Hlb??b4F-0^-0.884?4lHF-01 
0.6803169e-0ft 0.b4bf.9b7F Of-0. b8?01 47F-0ft 

-0.3773477F-01-O.?7VAO74F-0S   0, I8 7bbObf-01 
0,3C>2iS'»?7F-0b-O.bb73MIF 00 0, ?3bftiSb4F-0b 

-0,n80170F   00   n.3?S<«473E-05-0.55730A«F   00 
0.22424H3F-0b 0.1K/bHvHF-01 0.?413407F-Oft 

-0.53S4712F 00-n.3ft4HWbftF-0b-0.114bl07l 00 
-0,1918??1F-Ob-().?8 100H1F   00-0. b 104^4 3F-Ob 

0.32847ft4F 00 0.14Hftl44F-0b 0.?810?01F 00 
-0.3287122F-OS O.lf^inPF 00 0. ftb 1 7?7HF-0ft 
-0.41347ftHF   00-0.4?bl444(-Oft   0,31?104ftf    00 

O.142S4 78F-0h-O.14S4|0bF   00-0.47ft?701F-Oft 

45 

■ • ,F14.7, '    0=' ,F14.7) 

4.?ft4H    lb.bO?7    10,ft04«       b ,3ftOfl     0 ,0000 
?,55SC»      ft.?H44      8.470ft      Q .ft3?0   10 oono 
S.0000   ftb.0000   7b.0000   «S ,0000   Qb .0000 
S.00001ftb,000017b.000018b ,000019b oooo 
S.OO002ftS.0000?7b.000028b .000029b ,0000 
b.0000 

0.b4ft84P7F    0?   0.?S7b<»Q?F 0? 
0.bb07bb7F   00   0.1ft?84?3E 00 
0.4?41Q7?F-08-0.3ft47421F 00 

-0.198?0Q3F   00   0.4377bftftF- -Oft 
-0.30P1387F-0ft   0.3ft47433F 00 
-0.''903S4OF   00   O.S4?4b7bE- -Oft 
-0,1'  i30?0F-0ft   0.3308787F 00 
-0.b4?Q3ft?F   00   0,?<'47bft8F- -Oft 
-0.S24431HF-0ft   0,3308780F 00 
-O.H<m4b3F-Ol   0.?100?P7F- -Oft 

0.1473407F-0b   0.?c»?0b?3E -01 
0.1ft3Slft?F   00-0.884bft3ftF- -Oft 
0.4ftb41b4F-0(S   0.?P2135SF -01 
O.S?4«b4ft(-   00-0.7b?lbP7F- -Oft 

-0.1 lb438QF-0b-0.3Q48ftftaF 00 
0.1ftbbft3bF    00-0.7?441ft8F- -Oft 
0.b?4?8ft4F-0ft   0,3448ftft0F 00 
0,1047??1F   00-0.1b0413?F- -Ob 

-0.40P ('ft04F-Oft-0.41ft7ft84F 00 
-0,1180?ftOF   O0-0.1477333E- -Ob 
0,bb74 1?4F-0b-0.41ft77??F 00 

-0. 177?3?WF-01    0.3?ft894Pe- -OS 
-0.8b04W47F-Oft   O.lOftOQIPF 00 
-0,3?84738F    00-0.?7118qqF- -OS 
-0,13ft713ftF-Ob-0.10ft08 1IE 00 
0,b3bqft9?F   00   0,31488?bF- -Ob 
0.3bft3b4ft|--0ft   O.?0?4OO3F 00 
0.38P4477F    00   0.ft487133F- ■Oft 



0, ^44 Wh 00-0, ,^A0^64?(- -06-0.1S^079P    00   O^q^AAU-O? 0,?0?40??F 00 
ii.^obisioie- -06   0. ,312106?F 00   0. K03V6Ht:-06-0,413P75AF   00- ■0,?6«63?«F- -06 
().32l04H'il- 00  o, ,h\^7M 7t- -06-0,3'.«61V?F   00-0,'»561Q'53(:-n6 0,?366?64F 00 
ü,22hl ivlh- -06   0, , I'./SOOIF 00-0,4l*^S4blB-06-0,<.'t763A»Jf    00- ■0,416H0A6F- -07 
().A^7h404l- 00-0, .'.SAAPO'.f- -n6-0.U7S034F   00-0.3PHM6S4F-06- -0,?36620PE 00 
(I.^H/«HO'ih-Oh   n. .3446204E 00-0.564653?F-06-0,3?no?<»F   00 0,5P176?5F- -06 
O.l^h^^^^t 00   0. ,17-nO?^!-' -05-0.3776?l?F   00-0,30?30?'.F-05 0,41R333<!(F 00 
0. WlCiPAK- ■ov-o. 36?'i0b4f- O0-0.31?130WF-O5   0.ni7757F   00 0.1<.?5577F- •05 
0,lll7A30E 00-0, ,*?754lftE' -06-0.36?44?5F   00-0,«27«H64F-07 0,'»1»3??6F 00 
0,1 }3R5«5E' ■Oh-0. 3776144F 00-0.3')H'.'516F-06   0,iq6??31H   00 0.1?A153AF- -07 

-0,11WH01Th oo-o. ,    6'iSH4WK' -06   0.2539174E   00   O.Alll4H7e-06- -0,37914^46 00 
-i). JSU'JVBE- ■06   0. 39O7360E 00-0,3S90AM5F-06-0.35311b^F   00 O,H053731F- •06 
i). -(VM^ioe 00-0, ,. 3BAA69F' -05-0,3,J07'VH6F    00   0.?96RA??F-05 0,374?0H6F 00 

-0.3526511E- •05-0. ^S^wp/^f- 00   O^A^A^^F-OS   O.ll'iROftMF   00- ■0,11460A7F- •05 
0,fl0000OOE- KM 
5,01m    o, .oono 3,«61/ 0.0000     ?.366?      0.0000      l,743<t 0.0000      1, .414? 0, ,0000 
1 .2?0H      0 .0000 1 .103^. 0.0000      1,0363      0.0000       1.003H 0.0000     0. ,0000 0 ,0000 
n.noon    o, .0000 0.0000 0.0000     0,0000      0.0000      0.0000 0.0000     0, ,0000 0, .0000 
o.nonn    o ,0000 0.0000 0.0000     0.0000     0.0000      0.0000 0,0000     0, .0000 0 .0000 
n.nnoo    o. ,0000 0,0000 o.oono   o.oooo    0.0000    0.0000 0,0000      0, ,0000 0. .0000 
0,0000     0 .0000 0,0000 0.0000      (1.0000      0.0000      0.0000 0.0000     0, .0000 0, ,0000 
0.0000      0, ,0 oo 0,0000 0.0000     0.0000      0.0000      0,0000 0.0000      0, ,0000 0, ,0000 
0.0000      0. .0000 

JSTOP 

PRINTED   OUTPUT 

N     M  NG   N|4 
10   36      1   AO   C, 

BK FPS 
?<J0HHH?F*00   0.1000000F-0? 

0.0000      5.360H    10.604H    15.5027   19,26AR    14.264«    15.5027    10.604«      5.360H      0.0000 

v 

-10.0000   -4.6r20   -H.i.706   -6.2R94   -2.5554      2.5554      6,2«<'4      «.4706      4.M?0   10.0000 

PH1 
'i.OOOO 15.0r00 25.0000 3S.0000 '«^.0000 '>5.0000 65.0000 76,0000 «5.0000 45.0000 

105.0000115.0(00125.0000135. 00001A6.0000155.0000165.0000175,00001«5,0000145.0000 
?()■), 00002 15. Of 00225. 0000 2 35.000024 5. 0000? 5 5, 0000265, 00002 75. 00002fi5,0000245. OOOC 
305.0000315.0(00325.0000335.000034 5,0000355.0000 

AM 

0.4A67145F+0;    0.H07H324P+0?   0.6145313F+02   0,546«447F+02   0,2B75442F+02 
0,2551213F+0;    0,<»6342M1F+01   0.3275412F+01   0.5507557E+00   0.162«423F+00 

P 
().2403522F*0(    0.23046?1F-06   0.6H44«66F-01    0,4241472t-0R-0.3647421F+00 

PLUS   34   MflMh   IINFS   OH   MKINTFD   DIITPliT 

CN»   O.H0000001+01 

5.0141 
1.2?0H 
0.0000 
0.0000 
0.0000 

0.0( 00 
0.0000 
0.0000 
0.0000 
o.omio 

3.«637 
1.103A 
0.0000 
0,0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

2.366? 
1.0353 
0.0000 
0.0000 
0.0000 

0.0000 
0,0000 
0.0000 
0.0000 
0.0000 

1.7434 
1.003« 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1.4142 
0.0000 
0.0000 
0.0000 
0.0000 

0.000' 
0.000' 
O.OOOf 
o.nooi 
0.000' 
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o.ooon (i.noon o.oooo 0.0000 o.oono 0.0000 o.oono 0.0000 0.0000 o.ooon 
0.0000     0.0000     0.0000      0.0000     0.0000     0.0000     0.0000     0.0000     0.0000     0.0000 
0.0000     0.0000 

CONVFRRENCf   lit-   LAGHANGE   MiiLT^LlbK 
O.^H7iSt-+0?   O.OOOOE + OO   0,40806-01   O.iS?^?e-0l   0.(SMHt-ri 

f-UN(. 1 IHN 
().77^U+01-O,'><6bt-*Ol-O.U7',(-+01-O,1477F+00-O.47^<Je-O? 

CdNVHRW-NCl-   01-   LACKANdh   MDLTPLIBK 
0,hhlH(--01    0,101h|-+00   0,111^+00   O^lPlf+OO 

FlINC 1 IHN 
-Ü,22MF + 01-O.MHb(-+00-n.?n?f--01-0.h?lMH-04 
CONVFROHNCe   UK   LAfiMANGF   MIILTPL1EH 

0,1121P+00   O.lPbbh+OO   0.1?6Sh+00 
FUNCTION 
-0.'i'.31 F+00-0, 3Hi,lh-01-0.1 ^Oi'F-O? 
CliNVFHGFNCF   IIF   LA(.RAi\l(,(-   MULTHLIF« 
O.l?^! *0U   0.1 7 5<JE + 00 

FlINCTiriN 
0,8753E-0l-0,ll05t-02 

CONVERGENCE   OF   LAGRANGE   MIILTPLIEB 
O.I?3<*F+OO O.II^RF+OO o.nh?e+oo 

FtiNCT KIN 
0.27O5E+0O-O,l 1?7(--01-0.181?F-0A 

CONVERGENCE   OF   LAGRANGE   MULT^LIFK 
0.11fe2E*00   0,1273E*00   0.1?HOF+O0 

FUNCTION 
-0.4284F+00-0.?31*»B-01 -0,76?9E-04 
CONVERGFNCI    UF   LAGRANUF   MlitTPLlER 

0,1280F*00   fi.l'j?OE + 00   n.l*i5?E+00 
FUNCTION 
-0,<>543l +01'-i.. 100HF + 00-(I.1410F-0? 
C'INVFHf.FNCI-   UF   LAGRANGE   MULTPLIER 

0.1552F+00   0.1h7?F+00   0.1h7HF+00 
FUNCTION 
-0.3<J7&E+00-0.?006E-01-O.SHI 7F-04 
CliNVFRfiFNIJ-   IIF    LA(,kÄN(,F   MHLTPLIE« 

0,lfi78E+00   0.1704F + 00 
FUNCTION 
-0,4 3'»'>F-01-n,i;'17F-0? 
CONVERGENCF   OF   LA(.KA^:(7F   MIII.TPLIER 

().1704t-+00   0,1 n3F+00 
FUNCTION 
-0.1031F-01-0.140/fc-OA 
CONVERGENCE   OF   LA6RANGE   MULTPLIER 

0.1713t+00   0.1704F+O0 
FUNCTION 
0.1030F-01-0.16?1F-0<. 

CHNVFRGfcNCt   OF   LAGRANGE   MULTPLIER 
O.UO^F+OO 0.170bF + 00 

FUNCTION 
0.m4F-01-0.?003F-0'. 

CONVFHGFNCF   OF   LAGRANGE   MULTPLIER 
O.UObF+OO   0.1 /0?t + 00 

FUNCTION 
O.8Sb2F-02-O.lI44t-0A 

CONVFRUtNCt   OF   LAGRANGF   MULTPLIER 
Ü.1702F+00 

FUNCTION 
n.h'4 /AF-O-' 
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NORM   smiÄKH)   lit-   I- 
n,oooooooe+oo n,floo<»752F+ni n.Honnf)s^f- + ni n.«nnni ^in+m   o.flOOiOPSF+oi 
o.nononi3fc+ni o,HnnonhHt- + oi o.HCKmtvh + ni o.«nnnnsoi- + oi   n.«ooi?OHF+oi 
i).Honooo8h+oi  n.Hnonno'^+01 O.HOOOOI if- + ni n.Hnnnnoyf+ni   n. ?49An?i^+oi 

«FLAT IVh   ERRMH 
o.inoonnoh*ni o.?<JOM049f- + on 0.26ft63ft4e+00 o.?S'.?nHi,h-»oo o.^^b^^ooe+on 
Ü.;>'ii0\h2f-+0C   0.?110?0n(-+00 O.l^SWRPhF + OO 0. lt)?ni7h(-+00   0. im^HO^F + OO 
0.l91l«tH4B-f00  0.1411 ?(iOi- + 0() 0,19in?7F+00 0.1«J11109F+00   O.lPUZR'tE+OO 

(i 

n,0000000fc*0(   0.77877OHE+O] 0. T*^,i^??fi + 0\ O.nh^'iSF + Ol   0. TPST^^RF+01 
().71<t0370fc+01   Q.6,}974H7F + 0] 0.h*7Ht,->l?i- + o\ 0.6fl36t»37F*01   0.ft«?PS?Ah+01 
0,6H26553e+01    0.6(1251098+01 0.f)H??477F+01 0.hH?31 ^7^+0 1    0. iSHl 7H91t-+01 

R(;»   O.S')'5<.S04f+0?   FF«    0. /44^4^fE+01   F«    0. 1 41 1 PHAF+00   0=    0 . iSH 1 7H?4F+ 0 1 

-0.<tl7731«t   OI)-0.'t?446S4(--01   0.84Alflh3F 00   0.43107'!»hE 00-0.Q41?0'l0F   00 
-0.11001471-   0:-0.96H775?F-01   O.l'.lft^O?!- 01   0.5A<»ft7<?(SF 00-0.,j?4^?HM^   00 
•O.AAOSflAOE   Od   0.4267602F   00   0.310flft3lF OO-O.A'.wwHg 7(- 00-0.flfl910PAF-01 
0.R172523I:    0(I-0.3309910E    00-0.7?^40;lt)l- 00   0.*f>4701flf 00   0.1?«9n7?F   00 

PM 
0,290     0.6b)      1.000      0,98]      0.b?7      0.'.?4      0.'17y      O.b^R      O.bS?      0,333 

-43.ft      lb7. J -0.0 35.5 86.h -'JT,,^ ys.? -i^^.? i ft. i    i'. ft. i 

if- 
?.8184 

-1.JA50 
0.1011 

-0.2238 
-0.0681 
-0,0183 
-0.1623 

1.7161 

0,1*68 
0.358b 

-0.1b04 
-0.116? 
-0.0637 
-O.Hftft 

0.1081 
0 . ? (»7 ? 

^.?^67   -0.311?     2.5793   -1.0400     0.O4ft? 
-0.78b? 1.3041 
-0.01H8 -0,0399 
-0.14?? -O.l'.^S 
-0.118ft -0.14?5 
0.0?ft' -0.0381 

0.?n37 l.?A08 
-0.0711 0.004ft 
-0.113« -0.1 183 
-0.1S57 -0.?00? 
-O.Obft? 0.0A83 

-0.410?  0.?4b6 -O.ftOftft  0.?081 

0.6444 
-0.1?67 
-0.0407 
-0.17?4 
-0.1277 
-0.3544 

-1.4747   -0.6606 -0.404 
0.5044      0.4^81 -O.Oftl 

-0.0144   -0.1440 -0.0ft? 
-0.0568   -0.0?6b -0.0?4 
-0,?330   -0.1?68 -0.?4^ 
-0.0044   -0.106? -0.0?6 
0.0403      0.44b3 0.10« 

TFM 
?.8?b7 3.2516 
0,181? 0.0666 
0.043? 0.1864 
0.1460 0.4781 

2.800? 1./747 1.1?0? 
0.071H 0.1?6ft 0.?040 
0.?b37 0.2901 0.2741 
0.64 13 0.3ft6? 0.5071 

l.'^n 1.5?65 
0.?517 0.?401 
0.1876 0.0466 
1.733« 

l.?574 0.8??b 0.44? 
0.1641 0.0644 0.03t 

0.0741      0.1?78      0.10^ 
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VII.    PATTERN  SYNTHESIS  WITH  CONSTRAINED qUALlTY FACTOR 

The program of  this  section  Is obtained by replacinR the block ^f 

statements from  (and  Including)  statement  20]  to statement  91 in the 

pattern synthesis with constrained Kource norm program of section V of 

this report by the block of  statements listed in the present section. 

The punched card  input data  Is the same as that of the pattern synthesis 

with constrained source norm program except  that CN is  interpreted not as 

the upper bound  on the  source  norm squared but  as  the upper bound Q    on the 

quality factor Q. 

Summarizing  the  results  of  section VI,  Report  No.   2,   the  optimum 

source vector f  is given by 

Q        N        C 
? -  (1 + ß f)  ^ -f 3 ^ (2) 

where Q is the upper bound on 0, C. is given by (2-42) and A and f. 

satisfy (2-35).  If 

s     \ci 
2 

I 
\. ■M 'r-TcTP= ^ (3) 

I 
1=1   h 

then S « 0.    Otherwise,   ß  Is determined  from 

If 

N ICJ' 

Oo - M    N    |CJ\- ■ K(ß)  " 0 W 

O     •    ^   -   M (5) 
o       1, I 

1 

A 9 



where *. Is the largest etgenv.ilue of (2-35) then (4) has no solution 

because Q Is always grfater than Q . If 

N 

I   IcJ2 

01 - "o "• M ¥ ^2 (6) 

1"1 

then 

it" 

-» < 8 <.- X, (7) 

Q2 < no  Q3 (8) 

(9) 

The above scheme determines g uniquely because the left hand side of 

(4) is a monotone decreasing function of 3 in the intervals {-», -X ) 

and (0 =-). 

n  verbal flow chart of the replacement block of statements Is as 

follow:!. Just after DO loop 202, Q and Q of (6) and (3) are stored 

in Q2 ind Q3 respectively.  Starting with either S = - A. - A
/N.IN/2 

or 

3 ■ */■.-. i\/ii "0 loop 213 carries out Newton's method for finding the 
( i+i)/i 

root o: (4).  According to Newton's method, 

F{Bt) 
(10) i+i    "i    rdp 

lifferentiating (4), we have 

N     ICJ2        N     lcii
;,,\1        N     I^^X      N  IcJ2 

f(g)   =  2M -^-^ i ■   -  .   :' — i 1 ■ ■ - ■-       (11) 

Ui V^ 

Mi 



An alternate form of expression (11) Is 

N  ICJ*  NICJ^    N ICJ^X 

f<W.2H±=± i i=i-J ill i  (12) 

<s   |ci|2Ai^ 
i-i "V^ 

For large | ß|, (11) is the difference of two terms each of which is proportional 

to -r, but (12) Is the difference of two terms each of which is proportional 
B . 

to  -37. Thus (12) is less susceptible to round off error when |ß| is large. 
b 

However, both (11) and (12) are indeterminate when ß = - X..  Equation (12) 

can be written as 

( I 
cil2V 

F'(S,"TiV((^\I2(^ 
1-1 <v^ 

M^+ß)3 + ti2 Tx~«F
) ' (TY^P + J;, (X^B)^ y (13) 

.■.■ ,vst terms, expression (13) becomes After cancellation of the 

N  ICI'W    ">  |C.|'!X1 2 

F'(R)" J ^ffe J2 ^ i2 v^4 - (i2 (v^) 

>i v^5 
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DO loop 214 accumulates in SI, S2, S?, S4, and S5 the five different 

sums appearing in (4) and (14).  Next F(B) of (4) is stored in FS and F'(e) 

of (14) In DO.  g of (10) is stored in both AL and AS.  If the new S is out- 

side the correct interval, the logic between statements 216 and 218 replaces 

ß by the average of the previous B and the end point of the interval. DO 

loop 91 stores the coefficients of i    appearing in (2) in Al.P. 

The sample punched card input data is numerically the same as that 

of the pattern synthesis with constrained source norm program except that 

CN - C.4000000 F.+01 Is replaced by CN = 0.4049586 F.+01.  The number 

0.404S586 E+01 obtained from the printed output of the pattern synthesis 

with constrained source norm program is the Q of the source vector f which 

minimizes the pattern synthesis error subject to the constraint ||f||2^ 4. 

Comparing printed outputs, we see that the pattern synthesis error of the 

pattern synthesis with constrained Q program is only slightly smaller than 

that cf the pattern synthesis with constrained source norm program. 
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Tfl   fltUAIN   THF   PATTRKN   SYNTHfSIS   WITH   CONSTR AINEN  0   PRORRAM,   RFPLÄCE 
THE   HLDCK   UP   STATEMENTS   FROM   STATEMENT   201   TO   STATEMENT   91    !N   THE 
PATTERN   SYNTHESIS   WITH   CUNSTRAINEC)   SOURCE   NORM   PROGRAM   HV   THE 
EDLLDWINr.   STATEMENTS. 

7M2=2.«;M 
AMM = -AM(1 ) 
01=ZM/AM(1) 
S1=0. 
S2=0. 
53 = 0. 
S'.rO. 
nn 202 K=I.N 
S1=S1+CC(K)/AM2(K) 
S2=S2+r.ClK)/AM(K) 
S3=s3+r,r,(K) 
S4=S4+r.r.(K)»AM(K > 

202 CflNTINUF 
02=ZM«S3/SA 
03=ZM*S1/S2 
WRITEI3,2n3)   01.02.03 

203 EnHMAT('001=',ElA.V,«   02=,,F1A.7.,   03=,,E1A.7) 
mCN.GF.Ol)   GO   TO   20A 
WRlTe<3,?06l 

205   FORMAT!'OSPECIFIFD  0   IS   TOO   SMALL1) 
GO   TO   22 

204 J^rl 
IF(CN.LE.O?)   GO   TO   207 
AL=0. 
AS{J«») = AL 
FSU^jsCN-Oa 
GO   TO   20R 

207   IF(CN.GT.02)   GO  TO   211 
K0=1 
AL=-AM(1)-AM(JAM) 
GO   TO   212 

211 K0=2 
AL=AM(JAM) 

212 AS(J<))=AL 
DO   213  K=1.30 
S1=0. 
S2 = 0. 
S3=0. 
54 = 0. 
55 = 0. 
IF(N.EO.l)   GO   TO  225 
DO  214   J=2.N 
Sft = AM(.J)+AL 
S7=S6*Sh 
SH=CC(J)/S7 
SflsSH/SC» 
Sl=Sl+Sfl 
S2 = S2 + SR*AM( J) 
S3=S3+S9 
54 = S4+S«»*AM(J) 
55 = S5 + S<)*AM2(J) 

21*  CONTINUE 
225   S6=AM(1)+AL 

STsSh-KSfe 
SH=CC(1)/S7 
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S1=S1+SH 
S? = S2 + S«*AM( 1 ) 
SH=SH/Sh 
i-s(j4i=r.N-/M*si/s? 

IH AHSIhSU1*) ).LF.|-n   R 1   TO ?0« 
nO«ZM?»(S3«S5-SA»S4+S<*«( S5+AM?( U*S3-2.*AM( I )*S«n/( S?*S?1 
AL»AL-FS<J^I/DO 
RH   Tl)(?lh,?lV) .KÜ 

2U IKAL.L1 .AMM)   (id   Td   ?1H 
AL = .ti«('MM + AS(,llJ) ) 
Cll   111   ?H 

/\ 7 II- ( AL ,G1 .0. )   (ill   III   ?1H 

?1 fl .m'J^ + l 
AS( J4)=,lL 

^l^ CONTINUI 
WRlTfc(3 ,?i>n 

^1^ FOKMATI'ONEWTONS   MFTHlin DID NOT OINVFORF' ) 
208 S^=1 . + A|.*f,M//M 

IKl    41    K: 1 ,N 
ALPIK )=   S^/(AMIK)+AL) ) *r, ( K ) 

41 CDNTINUI 

P^IMTFI)   DUTHUI   HF   PATTFXM   SYNTHESIS   WITH   CONSTRAINED  0   PRflRRAM 

N      M   M(, HK FPS 
in  ih    i   o.?'inHH»?F+on o.iooonooF-o? 

o.oonn    b.3(.on in.60^.8 n.^o??  m.?(S4« I^.^ISA« i5.50?7 io.f>OA8    s.3ft08    o.nonr 

-in.0000 -4.6 (?0 -8.4706 -6.?R44 -?.5550 ?.555<5 6.?8q<t B.<f706 9.63?0 10.0001 

PHI 
5.ooon  is.nonn ps.nooo 3^.0000 Ab.oono 55.0000 65.nooo 75.0000 HS.OOOO QS.OOOI 

105.00001 1 5.00001?5.0000135. 0000145. 0000155.0000165.0000175.0000185.n0001<?5.000 
2O5.OOOO215.0000??5.000O?35.0OOO?4 5.00OO?55.0000?65.0000?75.OO00?8 5.0000?4S.n00' 
30 5.0000315.0 ■»00325.000033 5.000034 5.0000355.0000 

AM 
0.«»467145F+0 '   0.807a32'JF+02   0. 6195313F + 02   0. 54684Q7F+0?   0. ?R7599?F + 02 
0.25512138+0'   0.9634283F+01   0.3275412F+01   0.5507557F+00   0.lft?8423E+00 

0.24035228+00   0.2304621F-06   0.6H44866F-01   0.42419728-08-0. 364 7421F + 00 
PLUS    34   MOKF    .INFS   UF   P81MTFI)   IIUTPIIT 

CN=    0.4n445HiS-+01 

5.0141 0.0 100 3.8637 0.0000 2.366? 0.0000 1.7434 0.0000 1.4142 0.000 
1.2208 o.onno 1 .1034 0.0000 1.0353 0.0000 1.0038 0.0000 0.0000 o.oon 
0.0000 0.0000 0.0000 n.0000 0.0000 0.0000 n.nonn 0.0000 0.0000 0.000 
o.ooon 0.0 ")00 o.ooon 0.0000 0.0000 0.0000 n.0000 0.0000 n.nooo n.pon 
o.ooon 0.0)00 n.nooo n.oono 0.0000 o.onoo 0.0000 n.0000 0.0000 n.nno 
o.oonn 0,0100 n.nooo n.oono 0.0000 0.0000 0.0000 0.0000 0.0000 n.nnn 
o.onno 0.0)00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 
0.0000 o.n^on 
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cc 
O.ZbhZhMH + OB   0.4?0^1S4F+n3   0. ?R3AO(S 1 F + O?   0. ?70iSl ?HF+03   0,3^131158+03 
o.i3iim6e-+n'i o.n4<»<ioh(-+n? O.I^AO^SF+O? O.?!>7073PB+OO o.?7S5i<»OF+nn 

01=   0.3H026?4t+00   0?=   0.60h33?6F+00  03=   0.1PbQ^OOF+O? 
CONVFH^FNCF   OF   LAGRANliF   MULTIPLIER 

0.2H7ftE+02   0.14386 + 0?   ().71S»0F + 01   0.3SW5F+01   0.17P7e + 01   0.«QH7F+00   0.4AQ4F+nO 
0.107<»F+00   O.IB/HF + OO  0.?3SSF + 00   0.?4iSOF+00 

FUNCTION 
0.31R2F+01   0.306Ht+01   0.?413F+01   0.?iSHftF+01   O.?3ft4H+01   n.lRfSF+Ol    O.lllftF+OI 

-0.22^1 fc + 01-0.6632F + no-0.1034F+00-n.3SA?F-n2 

0G=   0.5bb450«<b + 0?   FF^   O.A??837nE+01   F=   0.323H363F+00   0=   0.40'57<5POF+01 

F 
-0.3523602F 00   0.2A637H?e   00   0.817<yllOF   00   Cl^lO^F   00-0.9ft4nRPflF 00 
-0.33972816 00   0.166qh34F   00   0.81171?OE   00-0.63556436-03-0.?1 flR6?5F 00 
-0.31194216 00   0.4fl254??F   00-0.1727355F-01-0.1«756006   00-0.20161 3?F 00 

0.63480636 OO-O.57061?06   00-0.44459616    00   0.44003746   00-0.17639676 00 

6M 
0.421      O.H??      1.000      0.811      0.214      0.56?      0.184      0.65?     0.708      0.464 

6M 
-54.4      173.9 n.O   -121.0 70.4      -76.5        65.3      -91.8 18.5       13«.7 

T6 
2.4785      0.0978      ?.9884   -0.0485      ?.7169 -0.3176      1.847?   -0.3935      0.937?   -O.OBftR 
0.5064      0.3740      0.5711      0.54?6      0.7067 0.?«39     0.6150   -0.09?1       0.4150   -0.?91? 
0.3043   -0.3618      0.?374   -0.4543     0.0««« -0.5405   -0.11?9   -0.5?50   -0.?497   -0.4307 

-0.2671   -0.3555   -0.1894   -0.3448   -0.076? -O.^PO   -0.0033   -0.3834   -0.033?   -0.38isn 
-0.1538   -0.4174   -0.?63r   -0.4997   -0.?536 -0.5R64   -0.10?7   -0.5931      0.1114   -0.464? 

0.2583   -0.2101      0.2???      0.0673     0.0100 0.?100   -0.??97     0.1669   -O.39R0     0.0737 
-0.5693      0.0569   -0.7955     0.0591   -0.8963 -0.0Z96   -0.5H13   -0.1??3      0.?5R?   -0.1086 

1.4194      0.0?50 

TFM 
2.4R04 2.9R8H 2.7354 1 .8887 0.941? 0.6295 0.7R7R 0.7616 0.6?1H 0.5069 
0.4728 0.5126 0.5477 0.5370 0.4979 0.4446 0.3935 0.376R 0.3P34 0.3fl74 
0.444H 0.5650 0.63H9 0.6019 0.4774 0.3330 0.?3?2 0.210? 0.2R39 0.404« 
0.5721 0.7977 0.8965 0.5941 0.2RO1 1.419^ 
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VIII.     MAGNITUDK l'ATTKKM  SYNTHKSfS  WITH CONSTRAINED QUALITY  FACTOR 

The program of  this section is obtained by replacing the block of  state- 

ments from  (and  Including)  statement 201 to statement 91  In the magnitude pat- 

tern synttesis with constrained  source norm program of section VI of  this report 

by  the bl(ck of stateiivtns  listed  in the present  section.    The punched  card  input 

data is tie  same as that  of the magnitude pattern dynthpsi« with constrained 

source norni program except  that CN is  interpreted not as the upper bound on the 

source norm squared but  as the upper bound 0    on the quality factor Q. 

A verbal  flow chart of the replacement block of statements is as  follows. 

Steps  1,   i',   and  3 of the iteration procedure described  in section  iV,  Report 

No.   2 are  executed  for the K9      time  inside DO  loop 19.     DO  loop 18 stores C 

of   (2-42)   in C(.I) and \\C   \\2  in CC(J).     Just  after DO loop  202, 0    and 0    of 

(6)  and   I 1)  are stored in 02  and Q3  respectively.    The logic between statements 

203 and  2  2 adjusts the starting value of  S appearing in  (4)   if it  is not  in the 

correct  interval.     S is stored  in both AL and AS.    For K9=l,  the unadjusted 

starting   'alue of  B is   ■/•N.1WT     
For ^   '   ^<   c*ie unadjusted  starting value of 

ß  is the "alue of B calculated from the  scheme  (3)-(9)  for the previous value 

of  K9.     DO  loop 213 carries out  Newton's method  for finding the root  of   (4). 

DO  loop  2.4 accumulates  in SI,  S2,   S3,  S4,  and  S5 the five different  sums appear- 

ing  In   (4.   and   (14).    Next,  F(=)  of   (4)   Is  stored  in FS and F'(S)  of   (14)   in  DQ. 

If  the nev  E  calculated  from  (10)   Is  outside  the correct   interval,   the  logic 

between  s  atements  216 and  I'.IS replaces  B by  the average  of  the previous  6 and 

the end p)int  of  the  interva'.     DO  loop 91   stores the coefficients of ♦    appear- 

ing  in   (2 i   in ALP. 

The  simple  punched  card   input   data   is  numerically  the  same as  that   of   the 

magnitude  pattern synthesis with  constrained   sonri-e norm program except  that 

CN = 0.80 50000 F.+01   is  replaced  by  IN • 0.6817829 E+01.     The number  0.6817829 

F.-t-Ol obtained from the printed output   o!   the magnitude pattern synthesis with 

constrained  sonrci1 norm program  is  the Q i f   the source vector  f which minimizes 

the pattern  synthesis error subject   to the constraint ||f||    _ 8,     Comparing 

printed  oitputs,  the pattern synthesis error  of  the magnitude pattern synthesis 

with cnns;rained i> program  is only  slightly  smaller than that  of  the magnitude 

pattern  synthesis with  constrained   source norm program. 
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TO  OBTAIN   iHh   MA(iNITU(ie   PATTERN   SYNTHESIS   WITH  CONSTRAINED  0   PROGRAM, 
REPLACE   THE   BLOCK   OE   STATEMENTS   EROM   STATEMENT   201   TO   STATEMENT   91 
IN   THE   MAGNITdEU  PATTERN   SYNTHESIS   WITH   CONSTRAINED   SOURCE   NORM 
PROl,KAM   BY   THE   POLLOMING   STATEMEMTS. 

AMM=-AM(1) 
7M2=2.«7M 
01=ZM/AM(1) 
IF(CM.RE,01 1 f.fl TU ?0<. 
WHITK H.POb) 

20S FORMAK •OSPECIEIED 0 IS TOO SMALL') 
GO Til ?? 

204 DO IS K*»*! ,NS 
J1=0 
nn iH J=I,N 
111=0. 
DO 20 1=1,M 
Jl-Jl+1 
I)1=UI + TP(.II )»(;(11 

20 CONTINUE 
C(J)aCUNJG(Ul ) 
cci j)=ui»r. IJI 

1R CONTINUE 
S1=0. 
S2 = 0. 
5^ = 0. 
S4 = 0. 
DO 20? K=l,N 
S1=S1+CC(K)/AM?(K) 
52 = S2 + Cr,(K )/AM(K ) 
53 = S3 + r.C(K 1 
54 = S<t+CC(K)*4M(K ) 

202 CONTINUE 
02=ZM*S3/S4 
U3=ZM»S1/S? 
WRITE(:3,?03I 01,02,03 

203 FORMAT!'OOl««,61*.7»' 02= ' »E 14.7 , ' 03=,,E1<..7) 
J<»=1 
IE(CN.LE.03)   00   TO   207 
AL = 0. 
AS(J4)=AL 
ES( J<n=CN-03 
GO   TO   70R 

207    lEICN.GT.0?)   GO   TO   211 
K0=1 
IF (AL .GT.AMM )   A|. =-AM( 1 )-ÄM( JAM) 

GO   TO   212 
211 K(J = 2 

IFIAL.LT.O.)   AL=4M(JAM) 
212 ASU>J)=AL 

DO   213   K=l,30 
bl=0. 
52 = 0. 
53 = 0. 
54 = 0. 
S^O. 
lEIN.EO.l I   GO   TO   22S 
DO   21^   .1 = 2,N 
S6 = AM( .) )+AL 
S7=Sh«S6 

57 



SH=CCU)/S7 

Sl=Sl-t-SH 
S2 = S2 + S8«'ftM(J ) 

S« = SA + S'<*AM( ,| ) 
S5 = Sb + S4»AM?(.|) 

214 CDNTINUf- 
224 S^ = AM( 1 )-t-AL 

S7=S6*Sft 
SH = CC(1 I/S7 
S1=SH-SH 
S2=S2+SH«AM(1) 

Fbl J'»I=CN-;M«S1/S2 
IFUBSiFSlJ5  )).L8.tP)   GO   TO   ?OB 
i)Q = ZM?*(S3*S'5-t;AOS4 + Sc»»(S5 + AM?( 1 ) «S3-?. *AM ( n»S4 ) ) / ( S?»S? ) 

AL = AL-f;5 ( J^)/r)0 
GO TO 1216,217),KU 

21^ IHIAL .LI .ÄNIM) GO TO 21H 
AL = .()«( AMM*AS( JM) ) 
GU TO 21« 

217 IK AL .('.r.O. ) G(J TO ?18 
AL=.b*A«(JW) 

218 J^J^+l 
AS( J*J » = iL 

213  CONTINUE 
W"ITM3,?m 

21^   l-MKMATl 'ONtWTUNS   METHOn   01D   NOT   CONVERRE'I 
208   S3=l . + AL*CN/ZM 

S5 = 0. 
DO  91   K=l,N 
ALP(K)=(S3/(AM(K)+ÄL))*CIK) 
S4 = ALP(K )*r.C)N,IG( ALP(K) ) 
S5»S5+S« 

41   CONTINUE 

PRINTfll  OUTPUT    OF   MAGNITODF   PÄTTFRN   SYNTHESIS   WITH  CnNSTRAINEO   0   PROGRAM 

N      M   NO   MM KK EPS 
10   3ft      1   40   f .2<J08882F+00   0.1OOOOOOF-0? 

X 
0.0000     4.3(08   10.6048   15.5027   I«».2648   1Q.2648   15.5027   10.6048      5.3608      0.0001 

Y 

-10.0000   -4.6:70   -H.4706   -6.?844   -2.5554      2.5554      6.?844      8.4706      4,6320    IG.OOOf 

PHI 
5.0000 15.0(00 24.0000 35.0000 45.0000 55.0000 65.0000 75.0000 85.0000 45.0001 

1 05.0000115.OC 00125.0000135.000014 5.000015 5.000016 5.0000175.0000185.0000145.0001 
205.0000215.0( 00225.0000235.0000245,0000255.0000265,0000275.0000?85.0000245.000( 
305.0000 315.0( 003 25.0000335.000034 5,0000 355.0000 

AM 
0,4467145t + 0;    O.8O78324E + 0?   0 .61453 1 3F-t-0?   0. 5468447E+0?   0.?875442F*02 
0.2551213F+0;    0.46342H3E+01   0.3?75412F+01   0.5507557E+00   0.1628423F+00 

V 
0.2403522H+riil   n.2304621F-06   0 .6844HMSF-01    0 .424 1472F-08-0 . 364 742 1E+00 
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PLUS   3«J   MOHf   LlNtS   OF   HKINTFO  OUTPUT 

CN=   0.6«17M?H(:+01 

1.220H 
0.0000 
0.0000 
0.0000 
o.ooon 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 

3.H6-a 
1.103*. 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1.0353 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1.7434 
1.003« 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1.4142 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0,0000 
0.0000 
0,0000 
0.0000 

01=   0.3H026?4|-+00   02=   0. fcOf.3310E + 00   03=   0.1 25')209E+02 
ClINVEkOhNCt (l(-   LAGRAN6E   MIILTPUF« 
0.2«'6t+02 0.1A3Ht + 02   O./IWOH + Ol   0.3545F + 01   0.1797fc+01   0. flt>«7e-»-00  0,4494E*00 
0.2247F + 00 0.1123F + 00   O.HH^bF-Ol   O.^IUF-Ol 

FUNCTION 
0,5>»51F+01 O.bHBhfc+Ol    O.^Hlfc+Ol   O.S^.'S'iF + Ol   0.5133E+01   0.4lSft3E+01   0.3B«5e+01 
().2?)')4F+01 0.63H8F + 00-O.H'50nt-01-0.1 l43t-02 

01=   n.3H02f.24t+00   02=   0,A264157F + 00   03=   0.15125H3E-t-02 
CUMVFKOFNCF   OF   LAGKAMiF   MOLTPLlF« 
O.^lllF-Ol   0.12466+00   O.ni^F+OO  0.1322E*00 

FIINCTION 
-0.13hOF+01-0.21 19F + 00-0.7?l?F-02-0.57 22F-0S 

01=   0.3H02h24F+00   02=   0. f>?525V0F + 00   03 = 
CONVFRGFNCF   OF   LfiGRaNGF   MOLTPLIER 
0.1322F+00   0.1435F+00   n.l441F+00 

FUNCTION 
-Ü.320<»F+00-0.162 4t-01-0.4 242F-04 

0.15936056+0? 

01=   0.3H02624F+00   02=   0.6 1429606+00   03=   0.15560366+02 
CONVFHGFNCt   OF   LftGKANGF    MOLTPLlFH 

0.1441F+00   0.13HO6+00 
FUNCTION 
0.I50Ht+00-0.4?«06-02 

01=   0.3H026246+00   02=   0.59«<,?146 + 00   03 = 
C0NV6HGFNCF   UF   LA6RANGE    M0LTPLI6K 
0.13H06+00   0.12636+00   O.l?696+00 

FUNCTION 
0.2H64F+00-0.1629 6-01-n.44H?F-04 

0.14730956+02 

01=   0.3H02624F+00   0?»   0.S7902576+00   03=   0. 
CnNV6HGFNC6   OF   LAGRANGK   MULTPLIER 
0.12696+00   0.13506+00   0.13536+00 

6UNCTlnN 
-0.22906+00-0. H5406-02-0.13 356-04 

15252206+02 

01=   0.3H026?46+00   02=   0.56296616+00   03=   0.16«937«6+02 
CnNVEHG6NC6   06   LAGRANG6   MULTPLIER 
0.13536+00   0.15556+00   0.15766+00 

FUNCTION 
-0.5969F+00-0.51256-01-O.45H7F-03 

01=   0.3H02624F+00   02=   0.55416H96+00   03=   0.177444406+02 
CUNV6PG6NC6   U6   LAGRAN(,6   MOLTPLIE« 
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0.l57fiE't-00   0.1678E + 00   O.lftBlF + 00 
(•IIMC1 ION 
-o.2(sui-+oo-o.in40(:-oi-o.?iv?e-oA 

Ul=   O.^HOZh^^b+OO   02x   O.5500AOHF+O0   0^=   0.1fl010(S4F+0? 
CDNvennFNce OF LAGRANGF MULTPUER 

0.lhK3F+00   0.17116*00 
FDNCTION 
-0.(SH2 6F-01 -O.HOUt-O'? 

CJ1=   0. lH026?<»t+00  02=   0.b4R1082F+00  0^=   0. lfl070<>lE+0? 
CriNVFKGFNCb   (IF   LAGRANGF   MDLTPLIEK 
0.1711F+00   0.1714t+00 

FUNCTION 
-0.7H<.'3F-02-0.1717e-04 

01=   0.3H026?4E+0n   02=   0.'5A71S81E+00  03 = 
CONVERGENCE   UF   LAGRANGF   MDLTPLIER 
0.1714F+00   0.1711F+00 

t-UNCT IHN 
0.H2 30F-02-0.1621F-O4 

0.1R070P4E+02 

01=   O.3a02ft2*E+O0   0? = 0.'i46h917F + On   03=   0.1R06fl2,?F+02 
CONVERGENCE   (JF   LAGRANGF   MllLTPLlER 
0.17! IF+On   0.1707F-fOO 

FUNCTION 
0.'J3^2F-0?-0.16?lF-04 

01=   O.^HO?h?Ab+On   02=   O.b^hA^llb+OO   03= 
CDNVFRGbNCF   (IF   LAGRANGF   MULTRLIER 

0.1707F + 0C   0.170^+00 
FUNCTION 

(l.71<S9F-02-O.7h?9b-0b 

0.1flO'tf)2SE+02 

01=   0.3«026?4E + 00   02=   O.SA630bOb->-00   03=   0.1H0374HF + 02 
CONVFRGFNCb   OF   LAGRANGF   MULTRLlFR 

0.170AF+0C 
FUNCTION 

0.4H2HF-0;- 

NORM   SOUAREU  UF   F 
O.OOOOOOOF+OO   0.7195H72E+01 0.7A003fllE + 01 0.77Hni 3RF+01 0. 7fl<32A<»OE + 01 
0.7'»94216^+01   O.Sl^bSR'iF + Ol 0.8413M2F + 01 0.«*{?(S351F + 01 0.R614475E+01 
;).H61hh30b+01   0.8bl7?2ftF+01 0. 85 173(S3E + 01 0. «5 1 73R<JF + 01 0. «511 551 E+01 

KFLATIV*-   FKHOK 
O.IOOOOOOF+01 0.292AAH5F + 00   0 .2iS7H6 1AF + OO 0. 25ARAH2F+00 0.245f)A5 1F+00 
0.232166Bt+00 O.2OlJ'S755F+00   0. lV4<J90'>E + 0n 0. 1«» 1 201 5F + 00 0. 1 905022E + 00 
0.1«J03772t+00 0.1903507F+00  0.1903AA0F+OO 0.1903A19E+00 0.1903595E+00 

ii 
O.OOOOOOOf +00 0.6hl870?F+01   0. ^8 1 75(S3F + 01 0. ^.8 1 7^0ftF+01 0. ^82 1RA8E + 01 
0,68176121+01 0.6H17593F+01   0.6818030F+01 0.6817611F+01 0,681H3RRF+01 
0,6R17ftl6f+01 0.6rtl760HE+01   0,6817613F+01 0,68175Q9F+01 0.6«1?769b+01 

GG»   O.^brxV'09F+0?   FF=   0.H511'.67E + 01   F=   0, 1903595F+00  0=   0,681269RF + 01 

-O.AMVi.'JM +00-0.A5400b6F-01   0.8721079F + 00   0.^69206F+00-0.9ft832?lE+00 

60 



-0.1137715E+ 01-0.10*034 IE+00  0.14MA1SF + 01   0, 5AHfl?M l-*00-0. bA43A4flE+00 
-0,4561 355E4-00  0.438«»31?F*00  O^Pl'JCPftE + OO-O.'KS?! 35HF+OO-0.P3B,>5A?E-01 

O,H430707E+O0-0.33977b7E+00-0. 7510453F*00  0.47Q3Q90E+00  0.1342400E+00 

EM 
0.2M0     0.656     1.000     0.«»81      0.5?7     0.4?A     0.377      0.56«     0.55?     0.333 

EP 
-A3.6     157.5 

TE 
2.90«J2 0.2108 

-1.38<»3 0.3660 
0.1049 -0.1550 

-0.2308 -0.1195 
-0.0701 -0.0659 
-0.0185 -0.1927 
-0.167R 0.1114 
1.770H 0.2597 

TEM 
2.9168 3.3564 
0.1872 0.0575 
0.096? 0.1914 
0.2014 0.4937 

0.0  -135.5       86.7     -93.5        75.3  -133.2 

3.3419   -0.31?4 2.6655 -1.1181 1.0326 
■0.8144      1.3489 0.2065 1.2«14 0.6688 
-0.0400   -0.0413 -0.0735 0.0098 -0.1298 
-0.1982   -0.1489 -0.1172 -0.1224 -0.0419 
-0.1221   -0.1474 -0.1604 -0.2071 -0.1780 
0.0276   -0.0393 -0.0583 0.0496 -0.131« 

-0.4242     0.25?5 -0.6267 0.2133 -0.3665 

2.8905 1.8371 1.1564 
0.0742 0.1307 0.2105 
0.2619 0.2996 0.2882 
0.6620 0.3780 0.5235 

1.4367 1.5757 
0.2599 0.2479 
0.1936 0.0480 
1.7897 

16.1      146.0 

-1.5195 -0.6792 
0.5232 0.4525 

-0.0157 -0.2001 
-0.0587 -0.0272 
-0.2410 -0.1303 
-0.0044 -0.1096 
0.0923     0.5111 

1.2980 0.8491 
0.1695 0.0721 
0.0765     0.1319 

-0.9359 
-0.0625 
-0.0654 
•0.0250 
-0.2570 
-0.0273 
0.1132 

0,4567 
0.0370 
0.1129 
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IX.  COMPUTATION OF SYNTHESIZED PATTERNS FROM THE SOURCE VECTOR 

The program of this section stores the synthesized patterns on a 

direct access data set so that they may be plotted by the prof-ram of 

section X of this report. 

The activity on data sets 1 (punched card Input) and 6 (direct access 

Input and output) Is as follows. 

READ(1,14) N6, N, NK, NP 

U     FORMAT(2013) 

READ(1,16)(BK(I), I-J., NK) 

16     FORMAT(5E14.7) 

READ(1,14){NGO, 1-1, NK) 

READ(1,18) (X (I), 1=1, N) 

18     FORMAT(10F8.4) 

READ(1,18) (Yd), 1 = 1, N) 

REWIND 6 

IF(N6) II, 11, 12 

12 DO 13 .1=1, N6 

READ (6) 

13 CONTINUE 

11     FN " NP-1 

DO 25 JK-1, NK 

KG = NG(JK) 

DO 29 JC = 1, KG 

READ(1,16)(F(I), 1=1, N) 

29     CONTINUE 

25     CONTINUE 

WRITF.(ft)(TFM(I), M, .19) 

The x and y coordinates of N point sources are read in as X and Y.  A 

source vector f at propagallon constant BK(.IK) is read in through F. 

Inside DO loop 29 the synthesized pattern corresponding to the source 

vector F is calculated as the magnitude of expressicm (2-17) evaluated at 

4> = 0, A*, 2A<i... in radians where Aiji = 

are stored one after the uther in TFM. 

211 
NP-I The  synthesized patterns 
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Minimum allocations are given by 

COMPLEX T(N*NP)1  F(N) 

DIMENSION BK(NK),  NG(NK),  X(N),  Y(N) 

XCS(N*NP), TFM(J9) 

where NK 

J9 - NP*    I    NG(I) 
1-1 

Nested DO loops  23 and 24 put x    cos ♦ + Vj  sin ♦ of   (2-17)  In XCS. 

The index JK of DO  loop  25 denotes propagation constant  BK(JK).    Nested 

DO loops 26 and 27  store  the matrix  [T]  of  (2-18)  by rows in   T  .    The 

index JG of DO loop  29 denotes the JG   ' synthesized pattern to be computed 

at propagation constant  BK(JK).    Nested DO loops  31 and  32 store the syn- 

thesized pattern || [T]f i| of  (2-17)  In TFM. 

The sample punched card input data is such that the patterns syn- 

thesized by the programs of sections II,  III, V, VI, VII, and VIII, of 

this report are evaluated at every 2-1/2 degrees and stored on the first 

record of data set 6. 
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LISIINC.   ÜF   t>«()GRAM   TfJ   r.llMMIlTF   SYMHESUFD   PATTFRNS   FPflM   SnilBCE   VFCTPR   F 

(0034fEE»15Sf nf^HAllTZtJOF1 TRFr,inN = ?OOK 
FXFC   WATHV 

DD   DSNAMF = FF0034.RFV1 iDtSP=nLI) «UNIT=33^0f 

V()Ll)MF=SFR=Slinon,J,l')r,H«(RFr.FM=VS,RLKSI7e = ?5tJlS.LRFCL 

HllFNdsl ) 
» 

MAOTZ ,TlMF = l.PAr.ES«40 
UfUl«T(H60)fF(lOI 

HK (10l,NG(10),X(10)iV(10).XCS(lA50l,TFM(2«»00) 

/(Wl.FTOhFOOl 
/ 
/ 
/GO,SYS IM  DD 
JflH 

CDMCLFX 
DIMENSION 
U»(0,fI. ) 
PI= l.l'.lb'JB 
RFADd.lA)    N6,N,NK,NP 
FDR ^AT(?0I3) 
wR!re(3»i5i   N^,N,NK,NP 
FHR^ATCO   Mfc      N   NK   NP'/1X,4I3) 
HFA)(l,lh)(RK( I ).I = 1,NK) 
FOR^ATi^El'».? ) 
WHIrE(3,l7)(RK( I ),I=1,NK) 
FORMAT!•0BK«/(1X,5E14.7)I 
RFA )(1,14)INCW I ),l = l,NKI 
WRIrE(3,2fl)(NG(I ),I = l,NK) 
Fl)k*1AT( 'ONG«/( 1 X,?OI3) I 
RFAOd ,18 MX (I ) , I = 1,N) 
FORMAT(10F8.4) 
WRlTe(3,l9)(X(1 ) ,I=1,N) 
FORMAT('OX•/(IX,10F8,*| ) 
RFADI1,1«)(Y(I ) . I = 1,N) 
WRITE(3,20)(Y( I l,I«l,NI 
FOHMAK'OY'/(IX.IOFR.A)) 
REWIND   6 
]F(N6)    11,11,1? 

DO    13   J=1,N6 
H(:AD(6) 
CriMINUE 
FN=NP-1 
nFL=2.»PI/FN 
J1 = 0 
00   23   .) = 1,NP 
Sl= (.1-1 )*OFL 
CS=C0S(S1) 
SN:SIN(S1 ) 
00   24   1=1,N 
Jl= Jl-H 
xc;(ji(=x(i)»CS+Y(i)*SN 

COtlTINUE 
COflTINOF 
.1^-0 

25   JK=1,NK 
>N6(JK) 
•RK (.IK ) 
= 0 
2ft   .1 = 1.NP 
27   1=1,N 
,11 + 1 
RH»Xr,S( .11 I 

ii )=c(i<;( si )+I)*SIN(SI i 
CONTINUE 
COJTINUE 

X 

!?6<??,X 

14 

16 

16 

17 

2fl 

IH 

I1' 

20 

13 
11 

23 

DO 
KG 
RH.i 
Jl ' 
DO 
Dfl 
,11  i 
si ■ 
1 ( 

2 / 
2ft 

64 



DO  2«  JG«1tKG 
READn»l6MF(l )il=ltN) 
MRITF(3.30)IF(I),l=l,N) 

30 FORMAK'OF'/iIX.bHlA.T) I 

nn 3i ,i=i,NM 
1)1=0. 
on  32   1=1,N 
JI=JI+I 
Ul»Ul*T(jn*F(l ) 

32 CDNTINIIF 

TFM( J«>)=CaHS(l)l » 
31 CONTINDE 
2«» CONTINUE 
25  CONTINUE 

WRITE(6)(TEM( I ),I = 1,.I9( 
N<J = J9/NP 
Jl«l 
00   33   J=1,N9 
J2XJ1+<J 
WRITE(3,3b)   J 

3'i   FORMATCOEIRST   10   POINTS   ON   THE',13,'   TH   PATTERN') 
WRITE(3,3M{TEM(I >»I»J1 .J2) 

34   FQRMAT(1X,10EH.4) 
J1«J1+NP 

33 CONTINUE 
STOP 
ENU 

IOATA 
0   10     1145 

0.290flH82E+00 
6 
0.0000     5.3ft0H   10,6048   15.5027   19.2A4R   l<?.2ft4«   15.50?7   10,604«     5.360«     0.0000 

-10.0000  -9.6320   -H.4706   -6.2H94   -2.555Q     2.5559     6.2H94      H.4706     9.6320   10.0000 
-0.5421209E+00  0.5224H90E-01   0. 1 lR7fllOE + 01   0.5969831E + 00-0.146704RF + 01 
-0.9448900E+00  0.6552452F+00   0.14 32544E+01-0.3653175E+00-0.795618IE+00 
-0.9229600E-02  0.1055890F+01-0.3044195E+00-0.fl306R94E+00   0.PR37318E-01 

O.1247218E+01-0.7 381020E+OO-O.8539429F+00 0.5231936F*00 0.2333546E-01 
-0.6131346E+00-0.275 2376E+00 0.1244 744E + ni 0.9962800E+00-0,153 2R91E + 01 
-Ü.1988470E+01 0.478731«E + 00 0.2502643E + 01 0.2R11250E+00-0.1595194E+01 
-0.3373244E+00   0.1369034E+01   0.22363fllE + 0n-0. 14355fl2E + 01   0,1607297E-01 

O.1691813E+01-0.41397Ö0E+OO-O.1279405E+01 0.4R12400E+00 0.3546119E+00 
-0.3427129E+00 0.239H499E+00 0.7955R79E + 00 0. IRR6416E + 00-0.9377459E+00 
-0.33021R7E+00 0.1621369F+00 0.7894699E+00-0.4096627E-03-0.21261RRE+00 
-0.3036768E+00  0.4692439F+00-0.1669025E-01-0.IR21197E + 00-0.1963136F+00 
0.617 3351E+00-0.5551624F + 00-0.4323723E + 00 0.42R134RE+00-0. 1717609E+00 

-0.4177318E+00-0.4299659E-01 0.8461R63E+00 0.4310746F+00-0.9412030E+00 
-0.1100197E+01-0.96877 52E-01 0.1416602E+01 0.5406796E+00-0.52932R6E+00 
-0.440R940E+00   0.4267602E+00   0.310H631F+00-0.44RRR97E+00-0.RR91094E-01 

O.8172 523E+00-0.330991OF + OO-O.7 269035E + 00 0.464701RF+00 0.12fl907?E+00 
-0.3523602fc+00 0.24637H2E+00 O.R179n0F+00 0.1941064E+00-0.9640R9«E+00 
-0.3397281E+00 0.1669634F + 00 0 .8 11 71 20F + 00-0.6355643E-03-0 .21RR625E+0n 
-0.311942 IE+00   0.4825422F+00-0.17?7355F-01-0. lR75600F + n0-0.2016132F+00 

0.6348063E+00-0.5706120E + 00-0.4445961F + 00 0.4400374F+00-0. 1763967E+00 
-0.4309598E 00-0.4540056E-01 0.H721079E 00 0.4469206F 00-0.96R3221F 00 
-0.1137715E 01-0.1040341F 00 0.1461415F 01 0.56RH2ME 00-0.544344HE 00 
-0.4561355F   00   0.4389312F   00   0.3219R26E   00-0.462135HE   00-0.93fl5562F-01 

0.H430707E 00-0.3397757E 00-0.7510453F 00 0.4793990F 00 0.1342400E 00 
$ST(1P 
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/v 
// 

purNm) ouTPUi 

M(S     N   NK   W 
0  10     11*6 

o.2'jnHHH2t-+nr' 

N(, 
ft 

X 
0.0000     5.3(.0B   10.604H   15.50?7   19.?^««   \9.?hW   15.50?7   10.(S0<.R     5.Bft0H     O.OOOf 

Y 

-10.0000   -9.6120   -H.A706   -f..2H<*<,   -P.^SO     P.^SS«»      h.?HPA      fl.*706     <>.A320   10.000( 

P 
-ü.5A21209l-+0(i   O.ÖPPAR'JÜF-Ol   0. 11 H7R lOF + Ol   0. SPftflflai F + 00-0. l*iS70AHK-f01 
-0.«JA*8400t + 0l)  0.6552452^ + 00   0.14325A4F + 01-0.36531 75F+O0-0.7<J561H 1F+00 
-0.')22l*6üOt—O;'   0.1055H90F+01-0. 3044 iq5E + 00-0.fl306H94F + 00   0. ««3 731 RE-01 

0.1247218F + 0   -0.73R1020F + OO-0.fl53tJ42<JF + 00  0.5231936F+00   0.2333546F-01 

F 
-0.6nn46LM0()-0.2752376F+OO   0. 1244 744F + 01   0.9962fl00F+00-0. 1 532flPlF+01 
-0.19HB470F + 0     0.47H7318F + OO   0 .25n2643F + 01   0.2R11P50F+00-0.1595194F+01 
-().3373244F + 0(l  0.1369034F+01   0.22363« 1E + 00-0.14355M2F + 01   0.1607297F-01 

0.169lH13t + 0   -0.4139780F + OO-0.1279405F + 01   0.4fll?400F+00   0.3546 119E+00 

F 
-0.3427129F+0(I   0.2398499E+00   0.7955879F+00  0.1886416F+00-0.9377459E+00 
-0.33021R7E+0!)  0.1621369F+00   0.7R94699E+00-0.4096627E-03-0.21261RRF+00 
-0.i03675RF+0(l  0.4692439E+00-0. 1669025E-01-0.1R21 197E + n0-0.1963136E + 00 

(I.617 3351E+00-0.5551624E+OO-0.4 323723F+00  0.42«134«F+00-0.1717609F+00 

F 
-0.4177318F+0()-0.4299659F-Ol    0.H461863F+00   0.4310746E+n0-0.9412030F+00 
-0.1100197F + O.-O.9687752F-01   0 .1416602F + 01   0.549A796F + 00-0.5?932«6E+00 
-0.4408940b+00  0.4267 602E+00   0.310«631F + 00-0.44flB«97F + 00-0.RR91094E-01 

O.H172523E+O)-0.330991OF+OO-0.7269O35E+0O  0.464701«F+00   0.12B9072E+00 

F 
-ü.^23602F+00  0.2463782E+OO   0.8179nOF + 00   0. 1941064F + 00-0.9640«9«F+00 
-0.3 397281E + 0)   0.1669634F + 00   0 .8117120F + 00-0.6 355643F-03-0.21«B625F+00 
-0.311942Ifc+Qi)   0.4825922F+OO-0.1727355F-01-0.1875600F+O0-0.2016132F+00 

0.634H063E+0)-0.57061 20F + O0-0.4445961F + 00   0.4400374F+00-0.1763967F+00 

F 
-0.430959RF   00-0.4540056E-01    0.8721079F   00  0.4469206F 00-0.968322 IF   00 
-0,11377156   01-0.1040341F   00   0.1461415F   01   0.56H«261F 00-0.544344RF   00 
-0.4561355F   0)  0.4389312F   00   0.3219R26F   00-0.462135flF 00-0.93R5562F-01 

O.H430/07E   0)-0.3397757F   00-0.7510453F   00   0.4793990F 00   0.1342400E   00 

FlkST   10  POINTS   UN   THF      1   TH   PATIFMN 
1.9967     2.2*96     2.5691      2.7961      2.9730     3.0940      3.1553     3.1555     3.0953     2.977 

MKST   10   PniNTS   ON   THF      2   TH   PATTFKN 
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2.410«» 2.7330     3.01?0     3.2373     3.4001     3.AQ42     3.51M      3.4653     3.344(S     3.1507 

FIKST   10 POINTS  ON   THf     3   TH   PATTERN 
l.«>3«»7 2.1<<0H     2.4135     2.6013     2.74HR     ?.fl520     2.90«!      2.9160     2.«760     2.7901 

FIRST   10 POINTS  ON   THE     4   TH   PATTERN 
2.3337 2.5976     2.B257     3.0106     3.1459     3.2272     3.2516     3.2lfl6     3„1295     2.9RR1 

FIRST   10 POINTS  ON   THE     5   TH   PATTERN 
1.9935 2.2516     2.4804     2.6734     2.R250     2.9311      2.9RflR      2.9969     2.955H     2.R674 

FIRST   10 POINTS  UN   THE     6   TH   PATTERN 
2.40R9 2.6R13     2.9168     3.1076     3.2473     3.3312     3.3564      3.3223     3.2304     3.0R44 
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X. PLOTS OF SPECIFIED AND SYNTHESIZED PATTERNS 

The program of this section plots the synthesized patterns stored 

on dire:t access data set 6 by the program if section IX of this report. 

Tie activity on data sets 1 (punched card Input) and 6 (direct 

access Input and output) Is as follows, 

READ(1,10) N6, NG, NP, M, SCL 

10    F0RMAT(4I3, E14.7) 

READ(1.12), (PHI(I), 1-1, M) 

12     FORMAT(10F8.4) 

READ(1,12)(H(I), 1=1, M) 

J9 =■ NP*NG 

REWIND 6 

IF(N6) 16, 16, 17 

17 DO 18 J=l, N6 

READ(6) 

18 CONTINUE 

16    READ(6)(TFM(I), 1=1, .19) 

The apt elf led pattern evaluated at M angles PHI In degrees Is read into H, 

NG synthesized patterns evaluated at NP equally spaced angles ♦ are read 

Into TIM, All patterns are multiplied by the scale factor SCL and then 

plottec in inches. 

Minimum allocations are given by 

DIMENSION PHI (M) ,H(M) ,XM(M) ,YM(M), 

rFM(NP*NG), CS(NP), SN(NP), X(NP), Y(NP) 

HO loop  15 stores the x and y coordinates of the specified pattern 

in XM   md YM respectively,    DO loop 21 stores  in CS and  SN the cosine and 

sine      of the angles at which the synthesized patterns are evaluated, 

"he Index JG of DO  loop  20 denotes the JG      synthesized pattern 

to he   ilotted.    DO loop 22 puts tick marks on the x axis drawn by statement 
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26.    DO loop 23 puts tick marks on the y axis drawn by statement 27.    DO 

loop 24 plots the first 10 points on the specified pattern.    The first  10 

points are sufficient because the particular specified pattern used Is 

xero at all but the first 9 points.    For a general specified pattern,  DO 

loop 24 should be changed to run from J ■ 1 to J ■ M.    Statement 28 draws 

straight lines between the x and y coordinates of the synthesized pattern 

prepared by DO loop 25. 
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LISTING  Of-   PKOGRAM   TD   PLOT   SMECIFIEÜ   ANO   SYNTHESIZEn   PATTERNS 

// (0(m,EE.30Sfl..l2lt'HAUT7ijnE',RE(;iON=14OK 

//   MSG   1,   70   INCHES   DE   PI.DT   PAPER   IS   REOIHRED 
//   EXEC   FOKTGCLG 
//EORT.iYSIM   1)1)  * 

DIMENSION PHI (3h).H(36),XM(3h).VM(3ftl.TFM(?900).XX(<»),YV(A) 
DIMENSION   CSll^b)iSN(146)fARE A(400).X(145).Y( 145» 
PI«3.141593 
C.»PI/180, 
REAO(l»lO)   N6,N(;,NP,M,SCL 

10 Ef RMAT(4n,E14.7) 
WHlTE(3,nI   N6,NG,NPfM,SCL 

11 FfRMAT('0  N6   NG   NP     M•,5X, ' SCL•/ IX ,4!3.E14.7! 
RfAD(ltl2)(PHI (I I,1=1,M) 

12 EfiRMAT (10EH.4) 
W6ITE(3tl3)(PHI( I ),I=1,M) 

13 EfiKMAT ( 'OPHI '/(1X,10F8.4) ) 
READ(ltl2HH( I ) ,I=1,M) 
wl- ITE(3tl4) (H( I ), I=l,M) 

14 ECHMATI'0H'/(1X,10EH.4)) 
Oil   IS    J = 1,M 
S1=C*PHI(J) 
Si =SCL»H(.I) 
XN(j)=ft.+s?»cns(si) 
YH(J)«5.+S2*SIN(S1 ) 

15 C( NTINUE 
J«'«NP*NG 
kfwINIi   6 
If(N6)    lA,lhtl7 

17   llf     18   ,1=1,N6 
RI:A0(6) 

IM  Cf NTINDE 
16 Kl AD(6) (TFM( I ),I=1 ,.)9) 

Wt ITK 3.14) (TFM( I ), 1=1,10) 
1«?   1-imMAT ( 'OTEM'/( 1X,10E«.4) » 

x; (1) = 1. 
x;(2 ) = ll. 
r (11=5. 
Y '(2)=5. 
x:(3)=6. 
X ((4)=ft. 
Y-(31=0. 
Y M4) = 10. 
l-r| = NP-l 
D:L=2.«PI/FN 
(Hi   21   J-1,NP 
S i = (.)-l )*UEL 
CM J)=r,nS(Sl) 
S -K J(=SIN(S1 ) 

21   CllNTINUE 
CM.L   PLOTID 
C«LL   PL0TS(AREÄ,400) 
Jl = 0 
DO   20   JG=1,NG 

?f.   CML   LINE(XX ( 1) ,YY ( 1) ,2, 1 ,0,0) 
Sl«ll. 
m 22 J=I,II 
ClU    SYMRDLISl,b.,.14,13,0.,-l) 
'.US 1-1. 
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12  CIlNTINMh 
27 CALL   LINfc(XX(3),vro»,?,1,0,0) 

S1«10. 
DO  2 3   J-lfll 
CALL   SYMBOL(h.. SI,.14,13,90.,-!) 
Sl=Sl-l. 

23  CdNTIMJt- 
00  24   ,1 = 1,10 
CALL   SYMBOL (XM(J)tYM(J),.Kf4.0..-l ) 

Ik  CriNTINDt 
OD   25   J«l,NM 
J1=J1*1 
S1=SCL*TFM(J1 I 
X(J)«6,*S1*CS(J» 
yiji*s.4Si«SN(j) 

26  CONTINUf 
28 CALL   LINE(X,Y,NM,1,0,0) 

CALL   MLOTdl .,0.,-3) 
20 CONTINUE 

CALL   PLOT(3.,0.,-3) 
STUP 
END 

/* 
//Gü.MOfeFOOl   DD  nSNAMF=t-eO03A.REVl ,n?SP = nLr),l)NtT = 3330, X 
// Vf)LllME=SFH=SIJ0009,nCR=(RFCFM = VS,RLKSI7l: = ?5<?ft,L«FCL = ?6ci?,X 
// HllFNtJ = l) 
//GO.SVSIN   f)l)   * 

0      6145   36   O.bOOOOOOF+OO 
5.0000 15.0000 25.0000 35.0000 45.0000 55.0000 65.0000 75.0000 «5.0000 «JS.OOOO 

105.0000115.000012 5.0000135.0000145.0000155.0000165.0000175.00001 «5.0000195.0000 
205.0000215.0000225.0000235.0000245.0000255.0000265.0000275. 00002«5.0000?<)5.0000 
305.0000315.000032 5.000033 5.0000345.0000355.0000 

5.01«M 3.8637 2.3662 1.7434 1.414? 1.2208 1.1034 1.0353 1.0038 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000     0.0000     0.0000     0.0000     0.0000     0.0000     0.0000     0.0000     0.0000     0.0000 
o.oooo   o.oooo    o.oooo    n.pooo    0.0000    0.0000 

/» 
// 

PK1NTFI)   (lUTPI)T 

N6   N(;   NP      M SCL 
Ü      6145   36   0.5000000F+00 

PHI 
5.0000 15.0000 25.0000 35.0000 45.0000 55.0000 65.0000 75.0000 85.0000 95.0000 

105.0000115.0000125.0000135.. 000145.0000155. (1000165.0000175.0000185.0000195.0000 
205.0000215.0000225. 0000235.0000245.0000255.0000265.0000275.0000285.0000295.0000 
305.0000 315.0000325.00003 35.0000345.0000 3 55.0000 

5.0191 
0.0000 
0.0000 
0.0000 

3.H637 
0.0000 
0.0000 
0.0000 

2.366? 
0.0000 
0.0000 
0.0000 

1 .74 34 
0.0000 
0,0000 
0.0000 

1.4142 
0.0000 
0.0000 
0.0000 

1.2208 
0.0000 
0.0000 
0.0000 

1.1034 1.0353 1.0038 0.0000 
0.0000 0.0000 0.0000 0.0000 
0.0000     0.0000     0.0000     0.0000 

TFM 
1.9967     2.2996      2.5691      2.7961      2.9730      3.0940     3.1553     3.1555      3.0953      2."777 
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